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PREFACE. 


Some yeors ago, Messrs, G-. A. Natesan & Co. 
reprinted a number of papers and articles which I had 
written at various times on the improvement of the 
methods of lifting water for irrigation. The little 
volume apparently served a useful purpose as it met 
with a ready sale and has been out of print for some¬ 
time. Through the operations of the late Department 
of Industries and of the present Pumping and Boring 
Department, which is its lineal descendant in these 
matters, the oil engine and centrifugal pump are now 
recognised as a satisfactory combination for lifting water 
wherever the quantity to be dealt with is large enough. 
Moreover quite recently considerable progress has been 
mnde with mechanically driven water lifts specially 
designed to deal with smaller quantities of water than 
can be conveniently and economically handled by centri¬ 
fugal pumps. The demand for information, as to the 
methods to be pursued and as to the residts which have 
been achieved, still continues and in the absence of any 
formal treatise on the subject, a fresh compilation of 
papers has been made which* it is hoped will to some 
extent supply what is needed. In the South of India, 
this phase of the irrigation question is now reduced to 
a mattqj^ of iRoance. Mechanical methods of lifting 
water are so much cheaper than the indigenous methods 
that, where the quantity availaMe is sufficient and 
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there is land suitable for cultivation, it is always pro¬ 
fitable to employ them. It has taken 10 years to arrive 
atfthis point, but one may venture to hope that a much 
shorter period will suffice to devise means whereby 
landholders and ryots may obtain on reasonable terms 
the capital thqf require to develope their subterranean 
water supplies. 

January, 191S. Alfked Chattebton. 
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hi (ht* Statistical Atlas of India, t)ie total irrigated 
area is stated to be 28,334,000 acres, of which 
10,140,000 acres, or more than one-third, are entirely 
deiiendent ujioii water drawn from wells. In the 
IMadrns 1‘icsidencv, exclndinir feudatory ai.d tributary 
States and Zemindari lands, the area under irrigation 
amounted lo ,1.803,937 acres in ISOd i);'), and of this 
area 1.084,060 acres were' .supjilied with water from 
427,539 wells, whilst the lands under other systems of 
irrigation tierired a sn|i|ih>mentarv supplv from 
139.136 wells. These ligurcs will serve to imlicate the 
magniliide of the inleresis invoKed in irrigation from 
widls. but jios'iihly a i-learei idea may he gained from 
the calculation-- oiven below, which, though based on 
admilteilly ajppro.vima'e data, show in greater detail 
what well irrigation in India means. In .Madras, the 
average area under each -well is 2t acres, hut in other 
I'rovinces it is larger, and (or ihe whole of India jiro- 
hahly aierages t acres ]>er well, so that Ihe total 
nutiiher o( well- must he about two aiid-a-half million. 
The eost of construiding 13.337 wells is given as 
Ks. !6.88,753 ill certain returns furni.shed hy the 
Hoard of lleveiiiie.'Mailras. or an average of Rs. 126 
each, and as in many places the wells are much deeper 
than they are in Madras,*we may assume, without fear 
of exaggerating, tli.'it the aierage value of a well in 
India is Ks. 150. and tliat. therefore, the total capital 
invested in well- amounts to tiie very large, sum of 
37i,crores of rufiees. 

Taking the duhy.of water for garden or well culti- 
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vation at 250 acres per cubic foot per second,' the 
quantity required for over 10 million acres would be 
40,000 cubic feet per second, and if we assume thift 
tbe average dejith from which the water is lifted is 30 
feet, the work which has to lie done amounts to 130,000 
horse-jiower. (lattle, however, do not usually work 
more than 0 hours a day. and the efficiency of native 
water-lifts certainly does not excenl 50 iier cent, so 
that f ile aggregate horse-iiower derived from cattle in 
India and em]ih)yed in lifting water amounts to 
l.OUfl.OOO. Assuming that throughout the cultivation 
season there is an average of two bullocks at work 
every day at- each well, tliere would heiibout 5 million 
cattle so employed. 

1’lie average quantity of wafer yielded by each 
well is, uiion the above assumptions, 8,G40 g.allons per 
liay. a volume so small as to entirely jireclude the use 
of any. but the simplest possible appliances for lifting 
the water to the surface. .Steam-jnimping maeliinery 
IS utterly bevond the imams of the ryots, and the force 
of the wind is too nneertain, and over the greater part 
of India, it is too weak lo he utilize/! protitably by 
wind-mills even of the most modern ty|)e. Animal!! 
are, therefore the only source of power available, and 
water-lilfs in the future* m%st eontinne to be, as they 
always have been, worked either by men or eattle. 
Moreover, the* Indian agrieulUiral ))opnlation is so 
singnliwty tievoid of even the most rudimentary 

• It should lit ronieiiiborod that this report was writton in IS(Ki 
before oU engines had hecornr the siu)ple, practical motors they 
are to-day. 
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mechanical skill that it is absolutely necessary that 
Qiachines, intended for their use, should he designed to 
work without com]»licated gearing of any kind. As 
will be seen in the sequel, native methods of lifting 
water coini)ly with these conditions and i)os'sess at the 
same time, under favourable circumsUinces, a fairly 
high efficiency which reialers the task of endeavour¬ 
ing to improve upon what is already in n^e excec'dingly 
difficult. 

The enormous amount of energy which is expended 
on raising water from wells has naturally attracted 
much attention, and from time to time, in different 
jiarts of India, litteinids ha'e been made to introduce 
what, were considered inqmived iqipliance!.. but so far 
no great amount of success has been achieved, and the 
opinion i.s now generally held tied, little or nothing 
can be done. Of the special reports, which have been 
pre]«\red on the subject, two .at least may he cited. 
The first is a volume published in ISS.'I by tl)e Dejiar'- 
ment of Agriculture ami (’oitin>erce in tlie Norlli-Wesi 
Provinces and Oudb. of wliicli the nioi-t important 
section is a rejsirl by (/'!i|>tain f'libborn, an lixeculive 
Engineer, who wa.- placed on special duty in connection 
with the matter, and wlio. after collecting a \a.st 
amount of information regarding exi.sting practices in 
the North-West I’rovinces and c.arryiiig out a very 
large number of experiments on the 'performances of 
the various types of water-lift in use, e'xjirijssed in 
unefjifivoeal terms the opinioii the Government could 
do little or nothing tir’vnjirove or extend well irrigation 
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in the Provinces. The second report was prepared in 
Bombay by an Executive Engineer, Mr. F. D. Campbell, 
after 8|ieiiding thre(' months on special duty, and as 
the liiial result of hi.s enijuiries he formulated the 
opinion that nothing can be done to introduce “ new 
or cheaper systems of well construction or of lifts than 
those which the ryot is already familiar with.” 

In recent years, in Madras e.specially, the.se 
conclusions have not been accepted hy a certain num¬ 
ber of practical men who have devoted much time and 
ingenuity to the production of improved water-lifts and 
their efforts haw at any rale, resulted in drawing pub¬ 
lic attention once more to the water-liftsjnestion. The 
trials conducted by the “ tVater-lift ('ommitlee” showed 
'the necessity of studying the problem scientifically and 
of taking into account a factor which had hitherto 
been entirely neglecltsl, vii., the mode of applying 
animnl ])ower. Notwithstanding the number of 
'-sperimcnls, the results of wdiich have been jiuhlished, 
it was found impo.ssihle to compare the performances of 
the ii-w miK-hiiies with those obtained from native 
wall 1 - 1 1 Its owing to the insufficiency of the dahi record¬ 
ed. and though it did not fall witiiiii the scope of the 
reference to t.he Committee to obtain the necessary 
ii^ure^, it wa.< .'oiisidered hii^ly desirable that a fresh 
eel of experiments sliould be undertaken, so as to 
reiicler it possMe to make fairly exact compamtive 
stiitemej^ts bn the merits of totally difterent forms of 
water-lift, after trials which should lie neither tetlious 
nor difficult to carry out. 
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The fact that animal power is employed in all 
forms of water-lift renders it exceedingly diflicnlt to 
make comparative trials of machines, some worked by 
one class of bullock in a certain manner and others 
worked by another, and possibly inferior, class of cattle 
in a totiilly different way. Mot only have we to take 
account of the mechanical efficiency of the machine 
but also the method by which the animal is made (o 
work must lie considered, since the amount of nsefiil 
energy which can be obtained from an animal de])ends 
very largely u]ion the way iir which I he ninscidar 
efforts are made. The work done by an animal in 
motion may IVe <'onveiiieritly <li\ided inio two pari-, 
which we may ti'rm inlernal work and external work, 
resjieclively. The hitter only is available for useful 
emjiioynient, and. as the sum of the two is probahK a 
constant (juanlity. it is evident that tlie more we- can 
reduce the expenditure of energy on internal work, the 
greater will be the ainonnt aiailable exteniallv. For 
instance, a bullock walking along a level road ex|pends 
the whole of his strength on internal work, which 
simply results in the transportation of his body from 
one place to anollier, but if we yoke him to a carl, the 
work which he does is partly internal and used In his 
own movement and partly external ami emjiloyed in 
drawing the cart. 

What ratio the internal bears to the exterrnil work 
cannot be accurately deternpned, but t.here ce some 
facts* which enable us to form an approximate estimate. 
A bullock doing no work can be made to march only a 
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certain number of miles in a day without experiencing 
undue fatigue. The addition of a moderate amount of 
external work diminishes the distance which can be 
travelled, but only to such an extent as to indicate, 
that of the.totiil muscular exertion the greater part is 
expended internally. (In a horizontal road and walking 
at his natnriil gait, a bullo<!k can exert a draught of 
one-tenth of his weight for a period of S or 9 hours a 
day. That is to say, he can do work in drawing a cart 
or a plough along the level ei|uivHlent to what he 
would have to ilo if he walked u]i a gradient of I in 10. 
No animal is -trong enough to e.vert a continuous 
draught ecjnal to one-filrh of his \jeight, for any 
lengi.h of time, wilhonl injury, and a draught e(|ual to 
one-ihird of the weight can only he exerted spasmodi¬ 
cally and for very short periiKls, yet a man or a bullock 
when in training can, with comparative ease, walk up 
a gradient of 1 in 9 and continue to do .so for a very 
long time, if the pace be not too great, and if the sur¬ 
face walki'd on be suitably prepared. Tt is evident, 
thci efore. I hat wdien an animal raises lii.s own weight 
against the action of gravity, ( he external work. rej)re- 
sented by the |K>tential energy store<l in the animal’s 
body, hioirs H greater proportion to the internal work, 
which i- n-elessly expendeil^ (han is the case when the 
external work is due to a pull exerted through a certain 
distaiii-i*. Fof instance, a Imllock will walk, along the 
level.jtwo tniles in one hour against a draught equal 
to one-tenth of his weight and will do, what we may 
term, a unit of work, equal to^ raising his own weight 
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one-fifth of n mile; uj> a gradient of 1 in 3 he would 
probably walk IA miles in one hour and raise his own 
weight verticfilly tlimugh half a mile, doing 2^ times 
as much work. Even if he could only do one mile per 
hour up the slojie, the potential energy stored in his 
body would still l)e l| times as great as if he had been 
employed in drawing a weight up a vertical shaft by a 
rojje passing over a pulley. 

Practically we may assume, then, that anatiimal, 
with the same ultimate expenditure of energy, c.an do 
twice as much work in raising his ow'ii weight against 
the action of gravity ns he can in the oidy other way 
it is feasible to einiiloy him. This fact ha- long been 
vaguely known, but has’ not, been made inucb use of, 
owing to the difliiailty which has Ireen ex|a'rieuied 
in designing suitable mechanism to embody the idea, 
without producing a imtchine both cuirdiroiis atnl cosily. 
This th" Hindu cultivator has recognised, and with 
more II an eh.araeteristie ingenuity has devised a eum- 
promise lietweeri the two methods of'vorking in an ex¬ 
ceedingly simple manner, as exemplified in tlie ordina¬ 
ry conidry adiote, in whieh he ];;otially obtains the 
advantage of (he biilhx’ks’ weiglit, hy making them 
run down ,a steep ineline when drawing from the well 
the bucket full of watei, w^bilst in the picottah, which 
he himself has to work. Hie ])riiiciple has been fully 
eavried out with the result, that it, i» irijiahle of but 
little imjirovement, except in the direction ,of making 
it a less hazardous machine to work. 

A' jiair of bullocks is a vague term ; they may be 
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worth Rs. 40 or K.s. 250, and one pair may easily be 
capable of doing more than twice as much work as 
another ; yet in previous accounts of experiments on 
waterlifts no more definite information than this has 
been forthcoming as to the power employed. Dealing 
with water-works, engineers are accustomed to state 
the results of the trial of a pump somelhing in this 
way. The engine driving the pumji indicated ‘x’ 
horse-power and ‘ v ‘ gallons of water were lifted 
against a head of ‘ z' feet in a certain time. Unfortu¬ 
nately, we cannot measure the work done by <-:itlle in 
absolnlely definite units as in the ease of the steam- 
engine. hilt it is a generally aeeepteil fad, (hat the 
»trengt.h of well eonditioned animals of the same species 
■i.s roiii;hly proportional to their weight, and it would 
tlierefia'e have addeil enormously to the value of former 
e.vperimenfs on water-lifts if the weight of the cattle 
used hail been ascertained. 

Tlic Millie Ilf a waler-lifidepends (larlly ujion i^s 
aiichanical ellicici.cy and partly npun tin* eHieieney of 
the method by which the strengtii of the animal is 
utilized when working it. The raechan'eal eftieiency 
can nsiiallv he delerrnined hut it doo,.i mil seem 
)ios-ible to express in numerical terms the ratio 
w'hieli the internal work of 4he animal hears to tliat 
done externally. For prnctieal purjinses, however, 
a cons! ant iin^ilving both terms is what is requir¬ 
ed, and till.'- can be obtained without difficulty. The 
auiouiit*of useful work done in one hour, expressed in 
foot-j)ounds, diviiled by the weight of the animal in 
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pounds, represents the vertical height in feet, to which 
by the e![]ienditure of a similar amount of work, the 
animal’s l)ody would be raised. The magnitude of 
this constant, which may Ih‘ conveniently termed the 
M-eficieHt of ulUiiif. offers a simi)le means of stating 
concisely the value of a waler-lift as a machine for 
getting work done by the agency of animal ])Ower. The 
determination of this constant has Iherel'ore been one 
of the most important objects of the trials recorded in 
this paper. 

Ill trials of water-lifts, there is a liability to a 
.serious error in estimalirig the outturn of work from 
the fact that .animals can be made to work af a imieh 
fasterrate for a short timet iian they can -iistaiii forapr.i- 
loiiged ))eriod. With cx|)erieiice it is possible to judge if' 
animalsareseriously o\er-di iveii ; or. if experiuieids eari 
be extended over a .siirticieiil number of hours, oxer- 
driving at the start will be rexealed by a gradual slack¬ 
ening ot tile rate of doing work. In the present 
series of trials, exery effort was made to seeiire t.lmt the 
animats shoidd he drix-eii at their i. umal speed, and it 
is believeil wiiii -iiccc-s ; Imi, as in mo-t eases there 
was oe.’.y a Moii" 1 t'oa>' f.r experln.eidti,e rate of 
working xvas r-h .-keit .igaiost the iiiiimd’s weight. 
Agricu'tnrn! aiitimn'ics. calcohd .ig tic- lalion- for 
draiighl. cattle, as'iimc the wiikio" day to tic eight 
hours and the rale of doi'i i evtci-iml *,ork lo he O g.j 
foor-i.ons per II). of weigld jier I- mr. This is coii.sider- 
ed to be t''e maximum ninoiiiir of wort wiih^, can be 
obtained, without affecting the lieaK.h of cattle, and an 
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increase, either in the rate or in the total quantity of 
work done, soon produces deterioration and sickness. 
There appears to be no data available us to the amount 
of work which can be (t„(, from cattle in India, but it 
is probably rather less than in temperate climates, and 
the value of the fifjnres obtained in these trials lies 
cliiefly in the fact that they enable us b) judge at 
what rate the cattle were worked. ft will, of course, 
b“ understood (hat the more the weight of the aiiiinai 
was used, the greater should be the rate at which w'ork 
can he done, and that the highest rate .-diould be ob¬ 
tained for lilts in which the animal exerts no draught, 
but siniply raises himself up an inclined plane till it 
overlialani’es Ihe resistance to lie overi*ouie, and u.seful 
‘work is done by t be steadydeseentof the animal under the 
action of gravity. In this case the rate of working ought 
to be about O’.'i foot-tons per lb. of weight per hour. 

More than 50 years ago a Mr. F. W. Simms coin- 
uiuiiiciited t.i> the. Institution of Civil V^ugiiieers the 
r"Kults of some 'lii-ervidions wiiicii he iiad iimde on t\ie 
amoiint of work which horses can do at various ratt's of 
working. The average weight of the horses was 
],17ti lbs. anil the results are concisely stated in Table 1- 
T.tBLi', 1. 


Working il.iy in 
hourM. 


Foot*poQndf( of work 
done per honio pf*r 
minute. 


HelatiTo amount 
of work done in 
a day. 


8 

6 

I' 


23,412 

100 

24,360 ' 

73 

27 , 0.06 , : 

65 

32 , 94.3 • / 

.03 
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In ('aptain Clibborn’s report on well irrigation in 
the North-West Provinces are given the results of an 
estensive series of exjjeriinents made on the quantity 
of water raised from wells of different depths by various 
metho<ls, from wliich it a]ij)ears that the work <lone by 
cattle varies very greatly, depending on conditions not 
explicitly stated, but of which the most important, 
evidently were, the size and strengt li of the animals, 
the dejdh of the wells and the type of waier-lift em¬ 
ployed. In Table 11, a few of the results have been 
extracted and the cajnicity of the bucket is given to 
serve as an indication of the size and slrengtii of the 
cattle as it is e-ident that only big, powerful beasts 
could exert a draught of over otiti lbs. 



Tahi,k it. 




. Work done per head 

Dcptli to watoi- 
‘fturfac*- ill feet 

Capacity of bucket 
in ^uIlonH. 

j per niinuta m foot- 
pouiidtf afiaominK 
eilioienex of lift to 



' *»o per cent. 

57 

Itl2 


37 

2S-7 

7J2<{ 

17 

2.'v2 


12 

iil'S 


63 

47-7 

4 

11.G7S 

In the .-ame report, it is s 

tided that with im-n. 


working the dhenkli.the useful effect obVaineti averaged 
1,120 fool j.ounds per iniimte, which w’onid mean 
that, after dne allowance had been made for the imper¬ 
fect efficieney of tli»*, machine, the men were doing 
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about 12 foot-pounds of work per I b. of weight per 
minute. Assuming that the men weighed 112 lbs., 
the (ioeffieient of utility in this case would he 600. 

In Table Ill the results of the experiments made 
in Madras are colleeled together, and sufficient details 
given to show that the variation.s in the ont])ut of work 
are mainly <lue to the different inetlnals of making use 
of animal powc]-. and il will be seen that they occur 
exactly as one would be hsl to ex[)ect from the conclu¬ 
sions arrived at wdien discussing this point. 

The figures obtained with picottahs worked by 
men are \erv striking, especially when if is borne in 
niiiiil that the work of one niiin is almost' entirely con¬ 
fined to guiding the bucket rod ami emptying the 
bucket, and that only tin-two men jierched on the 
see-saw lever are employed in lifting the water, f.'orn- 
jiareil with the dlieiikli, in which the water is raised by 
]iiilliiig with the arm-at the end of a balanceil lever, 
the restillfiiil effect is more than twice as great. 

Wil'i the exceiitioii of flic I'crsiaji wheel and 
inoditicaiions such as the cli'iia |nriip, .'ill the uater- 
lifts used oil wills in India consist essentially of a coin- 
hiimtioii of tv o distinci (eirts. They are (1) a bucket or 
buckets for bolding 1 he walerand (‘2) an arrangement of 
some kind by wliieli animal ji^'ercan be coiiveiiientlv 
applied to do the work of raising (he full hncket.s from 
the, well. 'Pile buckets are usually madt' either of 
leathery iron and may he divided into tlirw classe-: 
(1) a simple leather hag such as is used veiy largely 
in Northern India, which require^ R man to be specially 
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SultAi) Mohidmi. 

i Urati p h t in h 
straight line and 
reveraihg. 

i 

1 

! 

1 


s-ii:. 

AndrowH Pcrhiin 
svhrcl. 

Draught in h (•.irele' 
continiioiiN. i 

us;, j 
1 

•) 


ISiiS 

SingU* mhottf. Hol- 

1 ; 


4 

l'.>,22.'>! 

IS-JII 

lary. 

Draught down! 

4(i;.s 

1 


11-21 

Sinjflo mhoUi, Coim* 
baton). 

; n " 1 1 nod' 

, Vlanc. 

774 : 

i 

2 


irr-W 

Do. 

' i 

1 i 

2 


u-2;t 
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Table IV. 


I 

' No. 

Name of lift. . Naturo ol work, of 
! tneo. 


Pirotliik 


Walkiiip on set'- ! 
I KJiw lo\or. I I 


nbitiminii at tlic nmutfi of the well lo lilt it over 



flini'liarj;*-its (•(iiilciiK. or a [ilaiti irosi hiickot or dish 
of llip Iy|ic ijoiicrallY' iisod witli ]ii<’oltatis; 12) cyliiidrio- 
, -il iroi] hiu’lo'tk siispeiidf'd from stirrap- .so as to 
aulom.-dicaliy tilt ornr and liil when li>wered into the 
water, hilt wliicli le'piire 0 1111100 bar m'ooiiie o<|ni\a- 
leiit de\ii-e s., mnpii ihem : (S) leather or iion biieketa 
t'tlidwilh vahes The most ingenious and simple bf 
:-i| these |s the (onimo)i leather nihnie. n.^ed all over 
the .■'.vidh o( India whieh < imsists of a nniahly heinj- 
s])herleal leathern bay. sns|a‘nded from an iron rinj; and 
lilted at the IviHoni with a leather trunk or disehavge 
pipe, the end of whieh is held by a separate rojie aliove 
the level ol the water in Ihe^ bag, whilst the latter is 
being drawn up the well. The rofies are so adjusted 
that on reaehirj^ the top of the well the bag eontiniies 
to rise wl.iist the trunk is drawn iiiward.s, with the 
result that the water is rajailly and completely dis¬ 
charged. Of iron buckets fitted with vaKes vijrioiis 
forms have been prop.)sed, but the only one. that has 
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their place. In machines like water-lifts, which of 
necessity are somewhat ronghly constructed, no great 
amount of labour is expended on fitting the moving 
parts together; and. in consequence, the working is 
not perfectly smooth'and the friction ^varies consider¬ 
ably in a single operation of the ^ucliine. The 
measurement of draught is, therefore, not very easy 
and the results are, in every case, the mean values 
obtained from a large number of observations. In most 
instances the average quantity of water brought up by 
a bucket was measured by passing the water into a 
tank of known dimensions and counting the numlier of 
buckets required to raise the water-level by an amount 
which was carefully measured. The tank was always 
filled and emptied several times and the mean result 
was undoubtedly very accurate. In one or two instan¬ 
ces no tank could be procured and the water was 
measured in a rectangular trough dug in the ground, 
‘and, with projier precautions taken (o ascertain the 
loss due to jieieolation, it was found a satisfactory 
method. The cattle employed during the trials were 
in every instance weighed on jilatform weighing 
machines, the wells chosen for the experiments being 
sjiecially selected with reference to the facilities for 
weighing in the neighbqurhoiMl. 

Stmiey’s vuler-lifl ■.—The principle feature in this 
lift IS the employment of buckets of wrought iron sus¬ 
pended in a stirrup by two adjustable pivots, attached 
to the bucket very slightly above the centre lof gravity 
of the bucket when full of water. The mouth of the 
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backet is inclined and the lower ends of the stirrup 
are turned outwards and formed into rings sliding on 
steel wires which are suspended in the well from screw¬ 
ed eyebolts attached to the framing above. The wires 
are fastened by some convenient means to the bottom 
of the well and act as guides to the bu(!ket ascending 
and descending and prevent it from either turning 
round or swaying to and fro, and thus striking the 
sides of the well or the second bucket. On the bucket 
being lowered into the water it turns horizontal and 
as it sinks fills with water. On being drawn up it 
assumes a vertical i>osition and rises steadily till the 
discharging level is reached, when the iH)per side of 
the inclined mouth comes into contact with an iron 
hsii' fixed across the framing of the lift and the stirrup 
continuing its ujiward motion causes the bucket to 
revolve about the point of contact of the bucket with 
the iron rod, and thus discharges its content into the 
delivery trough. The lift was worked by carrying the 
ro|)e:-. which hold the buckets over guide pulleys to a 
whim. Two buckets are attached and the ropes arranged 
so that as one backet ascended the other descended, 
and the dead weight of the buckets was balanced. The 
whim consisted of a drum built of wood and was 
carried by an iron spindle on tie top of a }H)st firmly 
built into the ground. The bullocks worked at the 
end of an arm which was .3'85 times the radius of 
the drum. The whim was worked alternately in one 
direction *ind the other, the cattle being made to tiym 
round whilst the bucket was discharging its contents. 
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Improved aiii^fle mliote of M. R. Ry. Subba Rao ;— 
I'lie improvement on the ordinary single mhote is 
effected by attaching a rojie to the draught rope and 
carrying it on to the large drum of a kind of windlass 
erected at the end of the inclined plane and at a 
considerable height above the level of the end of the 
run. Ropes wound round two smaller dnims, one on 
each side of the large drum, carry weights which 
balantje the weight of the empty bucket so that at the 
end of a lift as soon as the bucket is emptied the 
draught rope automatically rises in the air and the 
bullocks are able to turn round and walk up the inclin¬ 
ed plane in ‘ a natural easy manner instead of being 
forced laickwards as with the common jilan, I’he im¬ 
provement effected is undoubtedly very considerable 
as not only is the weight of the emjity bucket balanced 
but the animals are also spared the cramjied and un¬ 
natural backward walk up a steep incline which jirobab- 
ly tires them moie than their exertions in drawing 
the bucket out of the well. 

Seesaw vnter-lifi of M. R. Ry. Svhba B/m :—In 
this form of water-lift the bullock is made to walk 
along a [datform sujiporteil on a roller and by his 
weight it is caused to oscillate op and down. Two 
ropes are attacheil to one end of the platform and 
wound round two small drums forming part of a wind¬ 
lass, round the large drum of whicli' a rope working 
an ordinary single mhote is \>assed. The^ platform 
is "not supported in the middle but at .some distance 
therefrom, so thdt. the working end of the plat- 
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form greatly preponderates and the bullock has 
to walk to the free end of the platfonn to tilt the 
longer segment up and lower the bucket into the well. 
To diminish the slwk, when the free end falls and the 
bucket is lowered into the water, iron rails are fastened 
underneath the )>latforrn by a short chain so that just 
before this end of the platform reaches its lowest posi¬ 
tion the rails rest on the ground and their weight 
ceases to act. Thereby the platform <'omes to rest 
more gently than would be the ea.se if the velocity of 
de.scent continued to accelerate to the very end. 

Siiiifk mhateii.— K.'C)>eriments with single mhotes 
were made .at T’alhidatn in the t.-oimbatore District, 
where they are worked with a single pair of cattle, 
«4iich are trainer! to walk backwards up the ramp. The 
slope of the run is therefore limited to 1 in ;i which is 
about the maximum tliat the cattle <'iin be hacked up. 
At llellary. where exjrerimeiits were also made, the lift 
i- usually worked with two pairs of csittle, each pair- 
drawing up alternate buckets of water. At the end of 
the run, llte rope and bucket are iletached from the 
yoke and fall back into the well, assisting the driver 
who grasps the. end of the rojie. to return up the steep 
slope, whilst the bullocks turn round iind walk up a 
side path, which is not tiearl}*so sleep as the ramp. 
When tlie bucket is again in the water, the second [xiir 
ofbnlhKiksarcbitehedon totheropeanddraw up another 
bucket full of water whilst the first pair are leisurely 
walking fip the incline, so iis to be ready at the top by 
the time the driver returns with tlu; rope. With this 
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system of working, it is [wssible to make the slope of 
the ramps very steep and the gradient is usually from 
1 in 24 to 1 in 3. The weight of the bulloeks is there¬ 
fore more effectively utilized, and a much larger bucket 
can be used than in the Coimbatore District. 

The modification of the single mhote invented by 
M. R. Ry. Subba Row enables most of the advantage 
of this system of working to be obtained with one pair 
of bullocks. Moreo\ er. the bucket is balanced, but it is 
doubtful if this contributes any real increase to the 
efficiency of the lift, as the friction of the extra pulley.- 
absorhs power and more work is thrown on the drixer 
since the unbalanced bucket materially assi.sts the 
drix'er in climbing the steep ramj). 

The Persian tuhed.—Rr. Andrew, a missionary of 
the Krer- Church of Scotland stationed at Chingleput, 
has erected a form of Persian wheel at the Christian 
Settlement of Melrosapunim which lie invited me 
to test. It is built on a frjuniiig of old milway 
rails over a circular well about 21 feet (i inches in 
diameter. The rotating drum was G feet in diameter 
ami 3 feet 8 inches wide and carried a double chain of 
sheet iron buckets each holiling 1‘8() g.alloris. The 
axis was prolonged on one side and driven through a 
pair of bevel wheels by*h whim of the ordinary type. 
Each bucket was ]xrovided with a leather flap valve to 
permit of the escape of air from the descending buckets 
as they entered the water. ThV <lesign was carefully 
worked out and the water-lift was very strongly made, 
so that it worked -very satisfactorily during the trial. 
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Ihs &idtan water-lift :—This is a direct draught 
water-lift with balanced backets, the details of which 
have been very ingeniously worked out, but the para¬ 
mount necessity for keeping the cost down has resulted 
in the use of an unsatisfactory system of construction, 
which prevents to some extent the full advantages of 
the design being realized. The backets are fitted with 
valves, as already described, which when new are 
water-tight; hut in ordinary daily use they soon get 
slightly out of order and then leak considerably. 
Trials were made on one which had been put uj) in a 
ganlen in Tondiarpett to the north of Madras by M. R. 
Ry. iSundarain Sastri and on one, which tias recently 
bfen erected near llellary, in a garden belonging to 
M.R.Ry. Aerada Rndrappa. The only important 
difference between the two lifts was that the former 
was fitted with hemp ropes and the latter with wire 
rojx's. I should have preferred to have tested a water-# 
lifi under the management of the maker’s but, though 
I offered to do so, they declined to place one at my 
disposal. 

In tue following tabular statement (Table V) are 
given the results of the trials which I have made. 
None of the trials were very p|olonged, but they were 
all made under normal working conditions, and the 
results are ordy s^ much better than would ordinarily 
be obtained in practice* as may be fairly ascribed to 

• SabtS|nent eipHrienoe of tUo working of native water-Ufti 
leads tne to think that the results obtained during our trials were 
about 33 per cent, better than those usualljf obtained by the oulti- 
rators under normal working conditions.* 
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the fact that care was taken to have the water-lifts in 
good working order and the cattle in good condition 
and that no time was wasted whilst the trials were in 
progress. The results are strictly comparable and 
represent the performances of each water-lift under 
favourable conditions. 

From the experimental results presented in Table 
V, it .seems justifiable to draw certain conclu-sions, of 
which the most important is undouhteilly that the 
native methorls of lifting water under favourable 
conditions have not yet been surjiasseil by the best and 
most improve*! inventions of recent years. The 
mechanical efficiency of modern waU‘r-lifts is higher, 
but the mode of applying animal power, to which 
sufficient attention has not been paid, is distinctly 
inferior, save in one ciisc, and the final result is^ 
t^at as yet, no advance has been made, which will in any 
degree <:om[ien.sate for the increased cost of the new 
water-lifts. The see-.saw water-lift of M. 1{. Ry. 
Subba Row alone seems to offer prospects of being 
developed into something which will be materially 
better than anything a( (rresent in existence. The 
machine examined by the Water-lifts Committee was 
mechnnically very imperfect, yet the co-effieieut of 
utility obtained was very high, and as it demonstrated 
clearly the possibility of using cattle to work oscilla¬ 
ting platforms, it must he regarded as the fyst step 
in wljat may ultimately juove the direction in which 
the greatest iraproveffignt can be made. 
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Stoney’s improved double mbote is undoubtedly, 
from a mechanical point of view, the best water-lift 
that has yet been constructed and it has acoordingly 
been made the subject of more extensive experiment 
thai4 any other. The efficiency is very high and does 
not appear to he caiiahle of any further improvement, 
but the animal or animals have to walk in a circular 
path and are in conse(pience unable to exert as power¬ 
ful a draught ns when walking straightforward. This 
is ])artieularly the case if two hullocks are yoked to 
the revolving arm when the inside bullock works 
under great disadvantages and most of his energy 
appears to be consumed in intenml woi jj. IVoliahly the 
best results would be obiained with two comparatively 
small bullocks yoked to .separate arms, radiating from 
ojiposite sides of the drum so ns to balance one 
another; hnt. if this would necessitate two drivers, the 
increased cost would more than counterbalance the 
irniirovement in the conditions of working. The tii^e 
wasUsI whilst the bullocks are turning round at the end 
of each lift is a serious defect eH|>eciaIly on low lifts 
when it (H-cujiies a very considemble portion of the 
working cycle and it materially increases the amount 
of energy wasted in hderml friction. With a single 
bullock of exceptional size, flie eo-effi-dent of utility is 
the highest that has been recorded hnt, with a pair of 
animals of aveAge size, the figure is reduced by more 
than oBjf-third, clearly demonstrating, if proof, indeed, 
be neMed, that they were working under unfijvour- 
able conditions. 
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The Sultan water-lift was the subject of experi¬ 
ment on two occasions, once in Tondiarpett under very 
favourable circumstances as it had been in use for eight 
months and the animals were a very fine pair of 
bullocks that had been thoroughly trained to the work 
and once near Bellary on the most recent tyi)e of lift, 
but with animals which were apparently scarcely strong 
enough and in consequence they did not work well. 
Unfortunately, their weight could not be determined ns 
the owner was unable to allow them to be marched 
into Rellary to he weighed and the observations have, 
therefore, not been included in the tabular statement. 
The lift possesses two very serious defect^ which are 
rendered more apparent by thelight construcr.ion of the 
jmrts: (1) The buckets are filled and emf)tied by means 
of a valve, which is liable to get out of order and leak, 
and which at all times recinires a strong pull to depress 
the lever which ojiens it when the full bucket is drawn 
nj. to the discharging )»oint. (2) The draught is direct 
and is exceedingly heavy, being e(|ual to the weight of 
water lifter!, the weight of the bucket and the force 
necessary to overcome the resistance of the rope | tossing 
over a number of small iron guide pulleys. The 
buckets are suiiposed to h<* Imhtnced are I are so except 
near the end of earth lift when the empty bucket sinks 
into the water but the friction of ttie ropes is so great 
that the weight of the emjtty bucket is Virtt more than 
sufficient to drag the length of slack ro))e, to which it is 
attached, back into the well. The lift near llellary was 
supplied with .30-gall,on burdiets and 1 worked it with 
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twelve eoolies through the dynamometer. The buckets 
discharged about 27 gallons and the pull averaged 
.370 lbs. towards the well and .350 lbs. away from it, 
and at the end of each lift rose to 500 lbs. due to the 
force which had to be exerted to hold the bucket of 
water in the air and dej)ress the levers which open the 
valve against, the j)ressure of water on it. Similar 
results were obtained in Tondiar|)ett, though the figures 
weie smaller, as 25-gaIlon buckets were in use. Only 
the ' ery highest class of cattle can exert such heavy 
draughts and even u])on them the work tells very 
severely and the}' rapidly deteriorate. The draught 
could, of course, be lessened by the juse of smaller 
buckets, but the outturn of water would be correstjond- 
ingly decreased and the |)ercentage of power wasted 
in friction would rise so much ns to make patent the 
defects of this method of rising water. The use of 
larger guide pulleys, a more rigid system of construction 
•I'ld the int,ro<Ui(!tion of a simple system of pulCy 
blocks to diminish the draught by one-half, would 
increase the efficiency of this water-lift very materially, 
but, at the same time, would add so largely to the cost 
as to render it prohibitive. 

The Kev. Mr. Andrew’s Persian wheel, which was 
the first he had made, posAsses the great advantage 
that the (nttle do not have to reverse the direction of 
motion of the*whim at frequent intervals, and that 
consecyjently no time is lost or energy wasted in use¬ 
less work. It was well constructed, and though 
capable of minor improvements^ it may be taken to 
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represent fairly the capabilities of this class of water- 
lift. The continuity of action renders it extremely 
suitable for shallow wells in which the water level varies 
but little and for such conditions a smaller wheel and 
smaller, but more numerous, buckets would undoubted¬ 
ly increase the efficiency, h'rom a ryot’s point of view 
it is too costly, and contains too many working parts, 
to ever have a chance of being extensively used in this 
country in any other than the crude form already in 
use in the North. 

The double mhote is inferior to Stoney's modifica¬ 
tion which has already been discussed and its defects 
are most conspicuous on deep wells as the motion is so 
slow that the leakage 'from the leather discharging 
trunks-~and they always do leak more or less—be¬ 
comes a seriou-s matter, and a bucket which starts on 
its upward journey full of water often arrives more 
than half empty. It has been extensively tried in 
(irtain districts and has answered well when care was 
taken to keep the buckets in very g(X)d order, but that 
they should be so maintained for any long period is 
more than could be expected from the ryots of this 
c-ountry and the troubles from leakage have, therefore, 
caused the double mhote to be regarded with 
disfovonr. 

The two systems of working the single mhote as 
practised in Coimbatore and Bellaryand known in 
Northern India by the terms Lagor and KUi, 
respectively, have already been described, ifts diffi¬ 
cult fo aiy what circumstances have determined the 
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ryots in their choice between these two systems as 
they are often to be found working on apparently the 
wrong system, but it is easy to see that for shallow 
wells and small cattle the time lost, in detaching the 
cattle at the end of each lift and attaching another 
pair, is not compensated for by getting rid of the 
necessity for hacking the cattle up the incline. With 
a shallow well and a small bucket or hag, each lift 
represents the exjieiiditure of only a small amount of 
work, whilst with a <leep well and a big bucket, a 
large amount of work is done in each i-ycle of oper¬ 
ations. With the heavy cattle, which must necessarily 
l)e employed when* buckets of large cajiacity are used, 
there is probably greater difficulty ex|)erienced in 
getting them to hack up the inclines and, therefore, 
more time wasted and iiiore fatigue incurred than is 
usual with small cattle. Where the ryots are iKior 
ind the cattle undersized the ir«r/or method of working 
■ often only adopted, because they cannot afford m 
work Kili ai:d it may be generally laid down that the 
first system is be.st suited to shallow wells, probably 
under 25 feet in depth, and the second systems to 
deep wells, esjiecially, when they are worked by heavy 
cattle. The modification in working due to M. R. Ry. 
Subba liow will probably Ire found to be of the 
greatest use in places where the KUi system is not used, 
either from wanUif a ^sufficient number of cattle on the 
part of the ryots, or because the wells are of small 
cBpacit3f%nd too rapidly exhausted when more than 
a single pair of cattle are worked ^n them. To obtain 
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good results with the single rnhote, it is necessary that 
the capacity of the bucket should he suited to the 
size of the cattle and the gradient of the run. and it is 
evident that in many cases this is not so, with the 
result that the external work done hears a small ratio 
to the total muscular energy developed. Where the 
pro|R!r system of working is adopted and the capacity 
of the bucket is suited to the weight of the cattle, the 
single mhote is an exceedingly simple, chejip and 
effective w'ater-lift and is esiieciallj convenient from 
the fact that a varying depth of water in the well 
causes absolutely no trouble whatever in working. Yet 
it is not without its disadvantages, and the ryots 
would gladly welcome any suitable substitute for 
leather* in the discharging trunk, so as to be able to 
dispense with the. necessity of employing chucklers to 
repair it. Stout canvas has been used in siurie instances 
with great success, both in respect to durability and 
^cheapness, and if a knowledge of this fact was widely 
diffused, it would confer no small l)enefit upon the 
ryots of Southern India. So far as I am aware, self- 
filling iron buckets have not been tried with the single 
mhote. though there seems to be no reason why on 
Stoney’s system, at any rate, they should not be a 
success. 

, * Leather manafsetnred by the ohrome proeess has recently 
been introduced for water biickets and'expcrianoe shows that it is 
a great impravement on the material supplied by village chucklers 
or country tannerins. In recent years, also, owing to ti n groat rise 
In the prioo of leather, iron buckets arc much more lugely used 
than was the care when these experiments were made. 
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Tn conclusion, it seems desinihle to attempt some 
estimate of the cost of raising watt‘r by means of 
cattle. A careful study of the figures given in Table 
V leads me to the conrlnsiun that under normal 
fireamstaiices the coefficient of utility for Indian 
cattie, kept at work for about (i hours a day will be 
a5(l. and that a pair of animals weighing 1400 lbs. will 
lift l0(i0 gallons j>er hour from a depth of 25 feet, and 
that a fair day's work may be taken to be 12,000 gallons 
raised 25 feet. The cost of keeping such a jiair of 
animals including interest on their value and allowing 
for their depreciation together with the expenses inci¬ 
dental to the upkeep ofa 'inJwle, will he about 12 annas 
per <iay or assuming that they are at work on 
fliree-fourths of the days in the year, the cost per work¬ 
ing day will aitioiint lo one rupee. Kor that sum there¬ 
fore, three million foot,-lbs. of useful work can be done. 

'1cover an acre of land to a depth of one inch involves^ 
thr iipplieation of 22,(587 gallons of water and the co.st 
ol raising this from a depth of 25 ft. will be Ks. 1-14-.3. 

It is seldom, however, that these expenses are 
defrayed in cash. The ryot breeds his own cattle and, 
from the laud cultivated, their food is wholly or partly 
obtained, whilst the servant who looks after them 
receive.s the greater part of his* wages in kind. Any 
eonsiderai.le extension of well cultivation, in a few 
years, would materially change this primitive state of 
affairs, hqj there is neither capital norjlabour available 
to allow of any rapid increase in area and both capital 
and labour will hove to be pn>vidp(}, 

8 
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UNDERGROUND WATER-SUPPLY.* 

During the past few yeans India )ms been visited 
by two famines over wide.'ljread areas and .several 
severe droughts, whioli have affected smaller but still 
very considerable tracts of country. The agricultural 
jwpulatiou, and those directly de|)endent on them, 
have been thrown out of cjiiployment and their slender 
resources being soon exhausted, in enormous numbers 
they have been forced to seek for the means of subsist¬ 
ence on ttie relief work- wliicli (iovernmeni have o|>en- 
ed. In gooil or e»en average years the e.xjiorts of 
wheat and other food sliiff's from the couidry jirove that 
the area under cultivation is still in excess of the 
^reqniremeid.s of the rapidly-growing population. In 
famine years the surplus produce of the non-affected 
parts of the country' i.s diverted from the exjiort trade 
and carried by the railways to places where there is a 
local deliciency, .so lh.it in the worst years there is 
enough food for all and it is simply the jioverty of the 
people that jiuts it beyond their reach. A succe.ssiou 
of fevourable seasons woulil materially improve the 
condition of the land-owning classes but it would lead 
to no accumulation of grain in the. villages and the 
laljouring classes during f'ese years of plenty will 
* Thf Indian June 1900. 
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Kimply increase in numbers and the next failure of the 
rains will find them as now—only more of them—in 
eomplete destitution. 

The problems which Indian Administrators are 
called iij)on to face in the innnediate future, to combat 
t.liis deplorable state of affairs, are very difficult 
and the solution of them will make as heavy demands 
upon tlie encrify and r<‘sonrces of the executive as have 
ever beeti made in the past. It is j;enerally afjreed 
that the most pressing necessity is the development of 
industrial (Hiciqiatious whereby new sources of wealth 
may he opened out and the land relieved of the exces¬ 
sive propovtioii of the population wliicti is now entirely 
ilepcndent on it. The mineral wealth of the country 
fiiust he utilised to sii|iply its own requirements, new 
indiistrie.s must, he introduced and old ones resuscitatwl. 
Instead of exjiorfJng nothing hut raw materials, it will 
h( necessary to send them out in a manufactured stat^ 
ano Oie internal trade of the empire will have to be 
worked up with some setidilance of the energy and 
perseverance which the .lapanese have disjilayed in 
rendering themselves independent of foreign manufae- 
turers. 

Work of this kind, liowever, proceeds very slowly 
and it will tie many years, if Arer, liefore India can be 
justly ranked among the manufacturing countries of 
the world, and iif the meantime more attention must 
be jiaid the great work which has been going on all 
this century, that of rendering the work of the cultiva¬ 
tor as far as possible independent of 4be variations of the 
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seasons. By aiiicute and canals we have practically 
made use of all the water in our great rivers which can 
he relied on to flow continuously through the cultiva¬ 
tion season. By huge reservoirs or tanks many irregu¬ 
lar sources of supply have been turned to account and 
nearly all the obvious sites for storing watt“r have 
been occupied. In the future, therefore, the work will 
he more difficult .md more cosily than it ha.s been 
hitherto and it is ho|ieless to expect that the splendid 
financial results of the past will be again re])eated. Yet 
in the South of India, at any rate, much can be done 
to economise water by inijn-oving the means f>f distri¬ 
bution and preventing the ryots from using it with 
actually harmful extravagance. The whole (|ueslion 
of what is technically known as the “ duty of water " 
requires years of careful study and exjicriineiil. and it 
can hardly he doubted that the time lias come when a 
^special branch of the Public Works Dejiartment should 
be established for the scieritifii- iiive.stigation of this and 
other problems peculiar to Indian engineering. The 
work that is going on now at Assouan on the ri\'er Nile 
where a huge dam is under construction to store U|i 
part of the flood waters in a long narrow reservoir will 
probably be repeated on some of our Indian rivers 
and the investigation anH designing of projects of this 
kind will call for the highest j)oj;sihle ingenuity and 
skill to render them at all feasible andVithiu the limits 
of our financial resources. , 

, In fact, the storage of water is likely to become the 
great In'Iian engiiiefring problem and attention will 
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doubtleKR be paid to that portion of the rainfall which is 
absorbed by the earth aiid disappears from sight, to find 
its wa}' by deep and torf.uous jxissages to the sea. Two and 
one-half million wells irrigating fully ten million acres of 
land attest the importance of the subterranean sujtplies 
of water and indicate that in this direction there are 
immense jws.sibilities. I'nderground water in India, 
has n<‘ver been studied proi)erly by engineers or geolo¬ 
gists, and wells are sunk, in a happy-go-lucky 
manner to a Imphazard depth. They are construct¬ 
ed with primitive appliances and at small cost. 
K.xja'ctation.-- arc not u^unlly great and, ns they are 
generally realized, the petiple are contenU Some wells 
dry iiji in the hot weather, some wells always respond 
lo the demands that are made uiwn them, but nothing 
is really known about their capacity to supply water. 
\ few eleinentary calculations, however, will show that 
‘he ipiantity ol’water drawn from most wells is but a^ 
insig.'ifieant fraction of the stores that must be below 
.and whie.li are eontinnonsly passing away through 
|)erme,able strata till they ultimately reach the sea. 
Where the average rainfall is 30 inches per annum we 
may assume that one-third of this sinks below the 
surfa<!e and that, therefore, each sijuare mile of land 
reeeives 640,000 tons of wate?. If but one-half of this 
quantity could be extracted from the earth by pump¬ 
ing from wells if would yield a continuous supply of one 
cubic foqji ]>er second for 136 days, which, with econo¬ 
mical use, would fully snfiSoe for the irrigation 0^250 
acres. Thirty-six mhotes and, stliirty-six pairs of 
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bullocks working steadily for six hours a day would 
draw out this quantity of water from a depth of 20 feet. 
Now there are no data available as to the number of 
wells'jier square mile. In jiarts of such districts as 
Coimbatore they are very numerous, and Ihe total yield 
of water from them may e.vcieed one cubic htot is'r 
second per square mile, hut over the greater part of 
India nothing approaching this quantity is obtained. 
From such data as are available, I estimate that wells 
in India yield about -(0,000 cubic feet jier second, a 
very large quantity of water but equal to only one- 
thirty-Hfth of a cubic fait per second from the 
1.400,000 .s(|(.arc irules of total su]ierlicial area, (her 
a great part of India the rainfall is more than ,3o 
inches a year and we know nothing a.s to what become.' 
of the va,st <|uantitY of water which annually sinks into 
the earth. We know that in some districts there are 
ynany w'ells with a good siqiply of wider, in iithevs few 
wells and the yield very luecariuiis. Sometimes the 
reason is obvious from the naturr* of tbe surfaci-and 
tire conliguration of tire gi-oiiiKl, hut iii most cases it is 
just tbe rcvci.se and many wells have been “link by 
engineers in wind were eonsidered likely s|„|(^ n,id 
turned out useless. 

Tbe great majority of wells in this JVesidency 
range’ from 20 to 40 feel, in de|.th. Tlii'y. therefore, 
derive their supply of water, with tbe e.vi'ept.ioii of such 
wells as actually tap under-ground springs^^fiom an 
inverted conical mass of earth, tlte axis of wliich is the 
well and ine vertex ^he water-level. Kach well is tbe 
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centre of a certain inasR of earth whicii absorbs water 
from the surface percolation until it is saturated and 
any excess slowly moves alonj; the line of least 
resistance. The well alters the direction of these lines 
and some water flows into it. but the greater part of 
the water sinks vertically till it re:u-bes impervious 
strata. The deeper the wells the greater is their 
action in deflecting the lines of sub-soil flow and in 
some ';:ise.s there is no doubt that vigorous [mmping 
after heavy rain would materially increase the volume 
of the cone iriHueiiced by the w(dl. This, of course, i,- 
the time when wells are left alone and advantage is 
not taken of ^uch op|)ortunities to form lines of sub-soil 
flow towards the well. 

Arlesian wells have been carefully studied in many 
lands hc.t wells of the lyjies found in India have beeri 
legiectcd .and we know praelically very little about 
ii'em. l.<ol,aten ex]>erirnent.'- will mil teach us much, 
owing to our inability to see what is going on inside 
the cone of influenee round the well. The intelligent 
ryots of the eoiintry Imve probably a good deal of 
information about the tiehavionr of their own wells 
and of those belonging to their neighbours and skilful 
examination of villagers in well-irrigation districits 
miglit lead to the eollecd.ion of some useful preliminary 
data which might serve a.- the starting point for 
further enquiries. Very few w'ells exist whieh are 
known t^yield enough water to offer any inducement 
to eni]>loy mechanical arrangements for pumping water 
from them. It is easy to see why .this is so. The depth 
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of the well is limited by the fact that the primitive 
methods of sinking in vogue among the ryots prevent 
them going more than a few feet below the hot weather 
level of the water. With an engine and pump to keep 
the well dry much greater depths might be attained and 
possibly the supply of water enormously increased.' 

It is generally considered tlial mechanical methods 
of pum))ing water for irrigation are too exjiensive to be 
employed and it is generally supposed that animal 
ix>wer is the only means available. Let us consider an 
imaginary case and then see how far the conditions are 
likely to be realized in practice. The well is a deep 
one and yiekjs half a cubic f(K)t jier second with a water- 
level about 40 feet below the ground. It is jirovided 
with an oil engine and a pumji. The engine is onl^ 
worked for 16 boure per day and, therefore, has to lift 
250 gallons ]>er minute tliroughout that jieriod. 

Allowing an efficiemty of -10 jier cent, for the 
‘gearing and centrifugal pump, the engine would have 
to develop 7-^ brake-horse-power and would consume 
one gallon of kerosine oil, costing 7 annas per hour. 
Tlie monthly expense which such an engine would 
entail may he taken as follows 

Rs. 

Fuel for 24 days at Rs.*.7 per day ... 168 

Wages for 2 drivers at Rs. 12 vV 10 per month... 22 
Lubricating oil, waste and .stored ^ .. 15 

Interest and depreciation on capital outlay, cost 
of re]>airs, etc., at 124 l^r irent. jier annuip on 
Rs 3,000 • 


32 
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Oompare this with the cost of working with cattle. 
In the paper on “ Water-Lifts” we obtained the result 
that with a mhote for one rupee three million foot lbs, 
of work could he done. In this case the oil engine 
develo])s 7i ]ier cent., of which 40 i)er cent, is used 
effectively, so that the work done by the engine is 
e<]ual to 18 liorse-))owcr hours, one horse-power hour 
is e(|ulva!etit to 1,!>80,000 foot lbs. of work in one hour, 
48 l!()rse-power hours represents the performance of 
95,040,000 foot Ihs. of work, which at .3,000,000 j)er 
rupee would cost Its. 32 nearly. That is to say the 
engine and pn?n]> will do as much work as ,32 jmirs of 
cattle, the cost of mniiilaiiiing which Viill he Ks. 720 
]ier inonth. As the engine only costs Its. 237 jter 
month it is obvious that it will niise water at one third 
the COM of doing the work by cattle. 

A further economy can however be effected by 
c.ing liijuid fuel at As. 3 jjer gallon in place of kerosiu^ 
oil at As. T per gallon, '[’he consumption would ^ 
the same and a saving of As. 4 per gallon or Ks. 4 per 
day would he effected. Making an allowance for the 
kerosine oil necessarj' to stait the engine every day the 
monthly charge would be reduced to Ks. 144 which is 
exactly one-liftli of the cost of keeping 32 pairs of cattle. 

It would be useless to Tollow up the comparison 
between the two methods of piiin))ing any further. It 
is sufficiently demonstrated that the einjiloyment of oil 
eiigineii* for jmmping water is a perfectly practical 
method and can Iw employed with advantage whepever 
the quantity of water to be deaIt,»Ath amounts to half a 
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cubic foot per second. The initial capital outlay is 
beyond the means of tbe. ordinary ryot but it is not 
beyond those of many landowners, and if only suffici¬ 
ent interest could be aroused araoiis!; them in the im¬ 
provement of their estates, the ultimate benefit to the 
country at large wisuld he incalculable. 

The two and one-half million wells in India repre- 
■sent a capital outlay not fai’ short of forty crores of 
rupees and what is wanted almost as much as new wells 
is the systern.'itic improvement of those already in 
existence. Many are probably far too shallow and 
others are too small and do not pre.sent a sullicient area 
for percolation. To jump holes fr.im It) t') .'iO feel in 
depth and a few inches in diameier at tije hottoni of 
.some wells is not a very difticiili mailer and the value' 
of the tube would probably he greally enhanced if the 
rock at the bottom were loosened liy th<‘ exjdosion of 
two or thiee small charges of dynamite. To run short 
adits ii; tin- hot wc.itlier from the holloins of many wells 
is perfectly feasible and both methods, if trie<|, would 
yield results far in exce-s of the cost. Ycl these things 
are not done because tlie ryots do not know'of t heir 
value; and even if they i(id. they woidd regard them 
with siispi.-ion as innovations to be classed with many 
other ;tttemj»ts, by Kuro|Ieaiis, ;it agricultural imjtrove- 
ments. The.se .are suggestions which have lM‘en tried 
in other places with success but so little do we know 
about this subject that I put them forward \^ith diffi¬ 
dence .and simply with a viewr tonirawiiig atlention to 
the urgent necessity! which now e.xists for a systematic 
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attempt to investi>»nte the conditions under which the 
stores of subterranean water exist. 

The matter is one surrounded with difficulties and 
it is only hy an intelligent co-operation of wealthy 
land-owners, who can afford to install engines and 
jinmps for the irrigation of their lands or the cultivation 
of their ganlens. with persons jiossessing a sufficient 
knowledge of engineering and geology tiiat anything 
can he done, hi this country we rely too much upon 
official efloids and loo little is done by the enter])rise 
of educated and enlightened piivale individuals. In 
Eugl.and. the late Mr. (i. .1. Synionds enlisted the 
services of thousands of inetcorologicid ijhservers and 
estnhhshed a system of recording data eonnected with 
rainfall in the ltriti.'h Isles which has pivoed of national 
importance. The agricultural experitncnls carried out 
on the Kothamsted farm by Sir .lolin hiwes and Sir 
Heiiiy (rilhert, for more than half a century, is another^ 
instance of private work whicli has done much ti# 
-onvert rale oflhainh practice iido a scientific proce- 
d'.ife and rarniing all over the world has gre.-illj' hene- 
tited lioin their disinterested lahour.s. Nothing of this 
kind has ever lieen atteinpleil in India and I venture 
to think that tlie prohlenis presented by well irrigation 
would he 1 filling .-ubject for *invcsligation and one in 
which many workers might jirofitidvlj engage them¬ 
selves. I linve Aideavoured to show how little is leally 
known and I cannot, doubt that if the w'ork were started 
it would»!^Tadually result in additions to our knowledge 
which would prove of great benefit to the whole 
community. 
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WELL IRRIGATION.* 

In June 1900 I contributed ii short nrticle to this 
Review on the very important subject of “ Under¬ 
ground Water-suj)ply’■ in wtiich I endeavonre<l to 
show that the information available regarding the 
ultimate dis)) 0 !<al of the rainfall in India was very 
limited, and that conse<(uenlly it wa> desirable to 
scientifically,study the question with a view to utilizing 
a much larger proj»ortion of the ^ublerraIlean water for 
irrigation than is al. present done. As a prelindnary 
step it was obvious tlial more jiowerful and cheaper 
methods of lifting watcj’ tlian by water-lifts worked by 
cattle were essential, and f showed that tlie oil engine 
• when employed to puirqi from a well yielding on an 
average throughout the day half a cubic foot per second 
or 190 gallons j)er minute was (ionsiderably cheaj«er 
and more convenient than any forii: of water-lift worked 
by means of animal-power. 

The imiH)rtanee of well irrigation was fully recog¬ 
nized by the Irrigation <■ornmi8sion ami alaj-ge amount 
of evidence was tendered by many witne.sses. The report 
of the (Commission may he expecte<i tk) contain ])racti- 
cally a complete summary of all theinfonnatjjon avail¬ 
able and will serve a starting point for further investi- 

* TKf, f,\dian lixvieu’, Angost IW2. 
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gations. Funds have already been jilaced at the disposal 
of the Madras Goveniment for ex})erimental work in 
this direction and during the next few years there is no 
doubt that a serious effort will be made to render avail¬ 
able for agriculture a very large ijuantity of the water 
which now runs to waste beneath the surface of the 
earth. 

In the year 1900-01. there were in the Madras 
Presidency 01.'i,520 wells from which water was drawn 
for irrigation and the area of cultivated land partially 
or entirely de|)endent upon them was 1.171,.H46 acres 
of firsi cro)i and 498,878 acres of second (;rop. Kach 
well on the average supplied water to only two acres of 
land and naturally the (piestion arises--Is full use 
mjide of (he stores of water below the soil ? In many 
cases, possibly in a numerical majority of the cases, 
there is little doubt that all the available supply is uti¬ 
lized but in w'hat may ja-rhaps a comparatively in- 
sigTiificant minority of wells the available supply iiJ 
enormously grc.ater than the j)resent demand and vast 
quantities of water remain unused. It must he within 
the personal knowdedge of most people that there are 
wells which yield a good supply of water through¬ 
out the year and never dry up even in years of severe 
drought. Such wells should b? examined and attempts 
should he made to pumji them dry. Many wells are 
only made use of to the extent that tanks would be, if 
they weji only provided with high level sluices through 
which the ujjper water in the tank, and that qply, 
could pass through the bund to t^)e^ irrigation channels. 
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In the south of India well-sinking is a very pri¬ 
mitive business and tlie better the supply of water, 
generally the shallower the well. A ryot wants a well 
and, having selected a spot which he thinks suitable, 
he sets to work and either sinks a hollow cylinder of 
brickwork into the ground till water in sufficient quan¬ 
tity to satisfy his expectations is reachetl, or he excavates 
a big rectangular lH>le in the disintegrated rock 
which forms the sub-soil and goes on deepening it till 
the inflow of water is greater than can he dealt with 
by the rmalest water-lifting ajiiilicances at his dis¬ 
posal. ^ ear after year in the hot weather when the 
water level is^low. he may increase the dejith by add¬ 
ing to the number of nihole^ on the well and in tliis 
way many valuable water-yielding well- liave been sunk. 
J^et Us siqipose, however, that liie unwatering of the 
well in the lint weatlier is accomplished by a powerful 
engine and pnm|). the work of excavating will he easy 
and the dejtth may he rapidly increaseij till either the 
inflow is gieatei- than can he dealt with or practical 
considerations clearly indicate I,hat if is not worth wtiile 
to go any deejier. For water to flow into a w'ell the level 
in ttie well must he lower than in the sub-soil and the 
greater the difference in level, the greater is the force 
tending to make the wat^t flow into the well. Kut the. 
lower the level in the w'ell, the greater is the amount of 
work which has to be done to raise tbe^water above the 
surface and ryots jirefer numerous shallow \^ells to a 
few dee]) ones. The number of cattle employed in lift¬ 
ing water is enormous and it is improbable that any 
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great ezlensioii of well cultivation can take place under 
tlie present system for lack of animal power to do the ne¬ 
cessary work of extracting the water. A ryot must have 
cattle and while the cro]>s are growing they can be pro¬ 
fitably employed in raising water, but directly he has 
to keep cattle sjiecially for the jiurpose, well irrigation 
become.s exjtensive and unprofitable. A pair of good 
serviceable bullocks in constant work cannot be kept 
for less than Ks. 22-8 per month including the wages of 
a driver and the work they do can he fiir more cheaply 
performed by a good oil engine or steam engine, liut 
these machines, even when of the smallest size jiractic- 
able. are far too big for the work of drawing water from 
ordinaiy wells and they can only he einployed when 
the conditions are unusual in respect tc the volume of 
water to he obtained from a well. A horse-power 
oil engine, wdiich is the smallest size it is advisable to 
employ, can be worked for 10 hours a (lay at a cost of 
3i rujiees and will do as much work in lifting water a/ 
16 jiairs of good cattle costing Ks. 3.S7-8 a mouth. 
iVorking 24 days in the month the engine will cost 
Hs. h i so that the cost of ]ium[iing by an oil engine of 
this size, dri'irig a three inch centrifugal pump, is 
alnios! exactly onc-fourth what it is when bullocks are 
used, pro'.'irh'd only that, therewis sufficient work to keep 
the engine fully ein]iloyed for the time .specified. 

Before devrfojiing further the idea of employing 
oil engiiu's for well irrigation I projiose to briefly des- 
eribe an*experimeiit now in progress. About 6 miles from 
Chingleput is a small Christian .settlement founded 
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by Mr. Andrew of the Free Church of Scotlttnd Mission. 
About 50 acres of land ore under cultivation and the 
crops are watered by wells which have been sunk 
since the settleineni. was storted eight years ago. 
Greatly intere.sted in the question of well irrigation 
Mr. Andrew offered to allow me to conduct experiments 
on his wells and with the assistance of funds [ilaced at 
my disposal by the Madras Government, at the instance 
of the Chief Kngineer for Irrigation, Colonel Smart, 
R. E., I have been able to j)ut to the test of practical 
working the idea of using oil engines. J selected what 
was suppospil to be the best well on the settlenumt and 
at the beginning of March I tried to nnwater it by 
working a Persian wheel eontinuoiislv niglit and day 
by means of relay- of bullocks. I soon found it desir ¬ 
able to increase the jiiituping power ami accordingly a 
{)i(‘ottah was set iq) and worked hy gangs of coolies 
night and day. The draught on the well amounted to 
Vbout 2,.500 gallons pei hour or allowing for irregular¬ 
ities to between lifty and si.vtv thousand gallons per 
day. Tliis resulleil in a gradual lowering of the water- 
level till the dejiression amounteil to 51 feet, when the 
level beeame stationary andtbeirdlow waseipial to the 
amount withdrawn. Arrangements were then made 
with Messrs. Ma.ssey t'o. of Madras, to supply a 3^ 
horse-power Hornsby-Ackroyd oil engine and a 3-inch 
centrifugal pump, the cumhinatioii 'iieiiig capable of 
lifting 170 gallons of water per minute to height of 
30 feet. Pumping was started' at the end of March 
and in a few hours ihe well was emptied. An attempt 
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was then made to (lee{>eri the well and a central hole 
15 feet in diameter was sunk 7 feet when hard rock 
was met with. To increase the area through which 
jiercolation could take place, adits were run horizontally 
from the bottom oftbe well through the [Kkrtially disinte¬ 
grated rock. Four were started, hut two of them had 
to be, given up before they had been run out 10 feet on 
account of boulders, the other two were carried out¬ 
wards about 25 feet and 20 feet respectively, and the 
percolation through their sides forms the main source 
of inflow to the w’ell. The cost of the adits was K'*. I 
I)er foot run, and they were stojijied as soon as the rate 
for excavating them rose above that amount. The re¬ 
sult 01 the operations was to increase thi* inflow from 
40 to GO gallons per minute or from 60,000 to nearly 
1)0,000 gallous per day. Pum|»ing has continued all 
through the hot weather and the inflow has somewh;it 
decreased. ()u the 20th .1 uly it was measured and found 
to he alv'Ut 67,000 gallous per day. Witl) the advent 
o* the rains it is expected that the inflow will material¬ 
ly increase, but iiow much isipiite uncertain. At ja'e- 
sent ti." engine runs nine hours a day, in three periods 
of from two to three hours each. When jiumping 
ceases, the water accumuhites in the well and at the 
beginning of each working it^erval there is about 
5 feet of Water to be removed. The average lift is 
25 feet aud the engine eonsiimes about 2 gidiuiis o( 
oil per day costing as. 12. The wages of the driver are 
Ks. 7 per jiionth, so thill the total eost of running the 
engine, including the cost of stores, amounts to oiflv 
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K». 35 i)er month, l^ater on, with lonj^er running' hours, 
it may amount to Rs. 60 per inontti and for this sum, aO 
aeres of dry cultivation will be fully supplied with water. 
The capital outlay on the eiif^ine and pump and the 
cost ol tisiiif; tlie same amounted to Rs. 2,500, and an 
allowance of Rs. 10 |,)er month for interest, repairs and 
depreciation will be a very liberal provision, m.-ikin;; 
the total monthly charges Rs. 100 when rimninsf, and 
about Rs, 50 when standing. Assnmiii!' that water is 
reijuired for ei<>ht months in the year, the total cost of 
this enuine and juimii will be Rs. 1,000 per annum. 
For this sum 2t) acres of dry cro]> will be w.atered and 
I am inclined t<i think that possibly, with the sujiply 
of water to he expected, the area nniy he lars>er. 
but only a coidimiance of the expeiinieid over several 
years wdll enable Ibis to be detinilely determined. The 
conditions under wliieh this experiment is beinjj con¬ 
ducted. are by no uieaiis favcairable anil much better 
results could be obtained in many places. The well yields 
a fair suiiply of water, but there are undoubtedly very 
many which would ijive a much oreater volume. The 
enijine and pimi]), worked to their maximum capacity, 
would raise 250,000 gallons a day to a lieifijiit of 30 
leet. or nearly half a enbie foot per seeond, sullieierit for 
frotir 10() to 12.1 acre,-pi dry cultivation. I ndersuch 
circumstances, the cost of supplying water to the land 
Would not amount tornorethari Rs. 12peracre})erarmum. 
This is a result so very sat isfactory that, when it beconres 
known and fully realised, it ought to lead to extensive 
efrtployment of the.se morlern methods of lifting water. 
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It is well known to en"ineers tlmt the cost of 
ijeneratinfi; a unit of power rapidly decreases as the 
amount of power jjenerated by a single enjjine increases. 

In view, therefore, of the fact that the greiit majority 
of wells are unahle to yield sufficient water to give 
adeipiate employment to even the smallest engines, 
it hiis Occurred (.o me that possibly large triicts 
of land could he supplied with water from wells 
hy electrically driven centrifugal pumps, the [lOwer 
being generalol at a central station and distributed by 
overhead conductors. Krom an engineering point 
of view the ]irohleni is a coni|iaratively simple 
one and ils practicalnlily simply de,(ietKls njsm 
ihe caixt of the installation, both as regards capital 
<Mlay and working exjienses. I have, therefore, 
oi'tiiined estimates of the cost ol the machinery from 
well-known tirms in Kngland and with the information 
thus obtained i liave workeil out two imaginary 
schi-nes, issiimiiig conditions that could he realized in* 
■naiiy places in this I’rcsidency. The tirst scheme is a 
coil!) natively small one for the irrigation of Hve or 
six liniidred acres. .\ll the land is assumed to be 
situated within a rectangle 2 miles long and I mile 
wide. The water-supply is derived from twelve well* 
■scattered i.-. cr the area. Kacfi well may be assumed 
to cost Us. aOt), though under favourable conditions 
they would not <?o.st more than half this amount as 
the (leplhjis riot to exceed 35 teet. The water would be 
lifted by a 3-ineh centrifugal |)nmp, driven by a dinect 
coupled 3i horse-power electro-njotor, the pump and 
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motor oomplete and filed in the well costing Ks. 750. 
The current would be supplied from a generating 
station situated near the cM^ntre of the area, and 5 miles 
of overhead conductors coating about Ks. 650 per mile, 
would be required for distributing the energy. The 
generating station might be supjilied with a steam 
engine and boiler costing Ks. 4,000 or with an oil 
engine, in which liquid fuel could be used, of the aaitie 
power costing Its. 5,000, driving a dynamo coating 
Ra. 1,800, which would give out a current of 27 
amjHtres at 550 volts pressure, equivalent to 20 
electrical horse-power and cajiable of dri\ing 4 of the 
pumps under full load, or 5 under the average load 
which would coti>e upon them. Kach purnj) would 
discharge 150 gallons per minute, so that with .‘j 
pumps going the supjdy of water would be 2 cubic feet 
jter second or sullicient for 500 acres of lainl. The 
^method of working would be to run a motor till the 
Svell was emptied and then shut ofl' tlie current anti 
allow it to fill uji by percolation, whilst the current 
was employed in driving another motor in iiuother 
well. With 5 motors running out of 12, water would 
be drawn from each well an average of 10 liours per 
day. luci iding all iten.,-, the total cost of the in¬ 
stallation would he its fitllows:— 

Ks. 

Pingine house ... 2,600 

Kngine and dyntimo ..., .. , 6,goo 

Switch hoard, etc. ... ., ,500 

12 Wells a1» ,500/ ... 6,000 
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12 Pumps and motors at 750/ ... 

Rs. 

9,000 

5 Miles of line at 650/ per mile ... 

3,250 

Contingencies 10 per cent 

2,850 

Total ... 

31,000 

The working expen.ses would be as follows 

:— 

Repairs, interest and depreciation at 

Ks. 

12jo/o . 

.3,875 

liquid fuel at As. 3 jier gallon, at 2 gallons 

per hour for 5000 hours... 

1,875 

Superintendence and lalionr Rs. 130 per 

mensem for 12 months ... .*.. 

I..560 

Miscellaneous stores 

• 

200 

Total ... 

7,510 


Thin is the post, of walering 500 acres of land 
and IS equivalent to Ks. 15 per acre per aniimn, the land • 
‘-einj; under cultivation ]>ractically the whole time. 
Tins ! a hisrh charge for ordinary wet crops, but 
it is by no means excessive for garden cultivation, 
siKih as is practised in agriculturally advanced districts 
like Oimhatore. Kor [irojects of this kind to pay, it 
naturally fol’ows that when all 1!he resources of modem 
engineering are del oted to the problem of snppl 3 -ing 
water and a considt*rable outlay in machinery and plant 
is involved,^ Ihe agricultural ojierations must be of a 
similar uhftracter and the cultivators must be preparjd 
to put capital and labour into their fields to obtain the 
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best possible results. Tlie selection and rotation of 
crops must be judicious, the lands must he well 
manured and in general terms what is known as intense 
cultivation must be practised. 

l^et us now consider the possibilities of openvtin^ 
on a much larger scale and for this purpose we will 
as.snme that there i.-i a strip of land about 10 miles 
long and from one to two miles wide lying alongside a 
river channel. Sn<-h a ))iece of coutitry actually exists 
on the T'ahir River, not far from Chiiiglejiut. 'I’he land 
near the river will jjrohably he al a slighlly higher 
level than further away and as the wells will draw their 
water-snp])ly mainly from the subterranean lloi» of tin- 
river they will all be situated near the ri\er bank. The 
wells will be sunk near the river bank at an average di.s- 
tance a|)art of one-fourth of a mile. In all, there will be 10 
such wells and the jiower stJition will be situated in the 
middle, with :?0 wells on either side, the most distant 
well being 4» miles oft. Assuming that the average 
inflow into each well is half a cubic foot per second 
and that the average lift is 30 feet, the total actual 
work which W’ill have to he done by the pumps will he 
G8 horse-power. To determine the power required at 
the generating station, we may make the following 
assumjitions rcgardingithe efficiency of eacli part of 
the system of power distribution :— 

Efficiency of dynamo ...» 90 per cent. 
Efficiency of transmission ... 90 per cent. 

Do. motor ... ' ... 80 *•„ 

Do. yumj) . 45 „ 
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Combined efficiency of whole system 30 i)er cent. 
«o that the, enp^ines will have to furnish 227 horse¬ 
power. The following estimate of the cost of the plant 
may be taken as ajjproximntely accurate 

Rs. 


Kngines ... 

45,000 

Dynamo ... 

9,000 

Fngitie house 

7,500 

Switch board and fittings ... 

2,000 

40 wells at Rs. 500 each ... 

20,000 

40 motors and pumps at Rs. 750 
each 

30.000 

()verhea(l condncfors 10 miles at 

• 

Rs. 1.500 a mile 

15,000 

t'ontiiigencies. 10 per cent. 

13,700 


Total ... 1.42.200. 


The worki’ig esjienses oii an assumed running of 
r).!!')'! liours per annum would be :— 

Rs. 

Fuel lor engines ... ... 11,2,'iO 

!Su))eriritendei)ce and labour... 3.000 
Re(!'iirs, interest and diprecia- 

tioii at 12^ j)ercent. ... 17,77.) 

Miscellaneous stores ... 1,000 


Total ... 33,62.') 



56 


.Lirr-IKKIGATION. 


The area that eonld be irrigated wouid be between 
four and five thousand acres and the annual charge for 
pumping would amount to not more than Rs. 8 per acre. 
The case considered is perhaps a favourable one, but 
without doubt a careful examination of the country 
would reveal many such, and it is eminently desirable 
that advantage should be taken of the natural facilities' 
where such exist. 

So far we have only considered the question of 
well irrigation when the power is sn))plied by steam, gas 
or liquid fuel engines, hut it is open to us to go one step 
further and consider what n.se can be made of water¬ 
power, which in certain districts is available in vast 
quantities throughout the greater jwrt of the year. With¬ 
out going into details, one or two general facts may be 
noted which tend to show that there is a wide field open 
to engineers in India, in utilising the jiower of water¬ 
falls to lift water from wells over very exten<!ed areas. 
'For industrial operation.- a continuous supply of water 
all the yeiu" through is generally e.ssential, and expen¬ 
sive storage works have to lie con-tructed to tide over 
the jieriod of scarcity of water during the hot months 
of the year. When the wal.er-|«)wpr is to he used for 
pumping water from wells the failure of the supjily of 
power during the hot weather is .>f little or no import¬ 
ance, a.s the cultivation can he so arranged that the 
land requires no water at that season. Water-power 
can, therefore, be jirovided at* much less jycjiense for 
snqli schemes as we are now discus.sing, and if it be a 
profitable nndertahipg to generate power at the Can- 
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very falls and carry it over 90 miles to the Kolar mines, 
under onerous conditions reganling failure of the supply, 
it is obvious that it will he still more profitable to 
utilize water-power under the much less exacting 
conditions which would )>revail in irrigation pumf)- 
ing. 

The re|>ort of the committee on utilization of 
water-|H>tter at I’eriyar stated that electric energy could 
be delivered in .Madura, 80 miles away, for Rs. 22-8 
]ier horse-[Hiwer jjer annum, atifl in Madras for double 
that sum or Ks. -to. It is more than doubtful, however, 
if this result <-oii!d uioler any circumstances be attained 
and it. would be sjifer to assume that the actual cost 
would be about three times as ranch; but even then it 
would ap|>ear to be practicable to lift water from wells 
or rivers by Itie agency of electrically tran.smitted 
energy <)ver the greater part of the South of India. 
The ndnimnm power available at the I’eriyar during 
ten months of the year is officially stated to be 30,00ft 
•.■irse-jKiwer and there is reason to suppose that the 
eftii.iericy of the whole system of generation, transmis¬ 
sion and utilization would be one-fonrtli. so that 7,500 
horse-jK)wer would be the work actually accounted for by 
the water lifted. On an average lift of 40 feet this 
would he- eijuivalent to 1 ,C.'>0*cubic feet per second, or 
sufficient for 412,500 acres of land. At Rs. 10 per 
acre (or annual Aargesthis would amount to 41^ lakhs, 
and wun\|i permit of a capitid expenditure of at least 
3 cTores of rupees, probably a much larger sum Jhan 
would actually he needed. 
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I liave drawn attention to the [lossihilitiea atten¬ 
dant on the utilization of water-iK)wer for ])utn|iin{; 
jmrposes hecanse. ultimately, I tliink they will be 
realized on an exceedingly big aeale; but that day is 
yet distant, and the business of immediate practical 
importance is the siualler schemes whieli I have out¬ 
lined in this note. TIjey involve but a small expen¬ 
diture ; each one, started and jiroving successful, adds to 
the store of information we must gather about under¬ 
ground waiter, and ]ilaces us in ii ])ositioM f.o ensure that 
in Kul)sei|aent underiakings the risk of failun* will be 
a constantly diminishing ipiantity. The excelling 
simplicity ofwprking. characteristic of good oil engines, 
and their remarkable ei-onomy in t.he nial.ter of fuel, 
has changed the conditions under which water-liftin}^ 
can be undertaken. If is necessarv to reconsider the 
Jiosition and demonstrate by jiraclical working, that 
the jirimitiie appliances of the ryot can be superseded 
Hy methods of water-lifting so greatly sujierior as to 
open out entirely new jiossibilities regarding the 
utilization of subterranean water. 
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IRRIGATION WITH OIL ENGINES.* 

I. 

Tlie problpTM of liftiu^r water from one level to 
another presents many phases and under certain condi¬ 
tions calls fiir the highest engineering skill and 
mechanical ingenuity. The natives of India, as the 
result of the accumulated experience of centuries, have 
with the JVrsian wheel, the inhole, the jhccotah and 
the basket scoop, reached a high, degree of perfection 
in their methiMis of applying animal or’hunian ])Ower 
io the raising of water for t.he irrigation of small [mtches 
of cultivation. Over and over again the defects of 
native a)rpliances have led to attempts being made to 
improve them, and especially in recent years a very 
large numher of patents have been taken out for watey 
lifts by all .sorts of people. Some of these l>y dint of 
advertising have met with ephemeral success, but in no 
instance has a modern water-lift survived the test of 
time. The piccotah and the mhote, each in its own 
way, are bi'tter suited to the conditions under which 
the Indian ryot works than jny of the more eliicient 
but more comjilex machines tor raising water which 
have been devistjd. 

The experiments which the Government of Madras 
are novwlindertaking to test the feasibility of employing 
* The Madras Mail ^905. * 
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modprn motorg and pumpg for irrigation on an exten- 
give scale have attracted a great deal of interest 
throughout the Presidency, as evinced by the corres¬ 
pondence which frona time to time appears in most of 
the daily jiapers. A careful perusal of the letters which 
have been published shows that very little is known 
about the question and that most erroneous views 
prevail everywhere. It is therefore projiosed in this 
and in future articles to state, as far as possible in 
simple and non-technieal language, the facts regarding 
the possibilities of the various forms of motive |)ower 
which can he employed in this country for the purjfose 
of raising water. 

The millions of wells scattered all over the country 
attest the enonnous imjmriance of well-irrigation, but it 
is estimated that throughout the length and breadth of 
India not more than 1 )>er cent, of the total rainfall is 
recovered from the watei- stored beneath the soil. A 
ijprvey of the wells of tlie Presidency reveals the faiit 
that by far the great majority yield a supply of water less 
than or just sufficient to keej) a single water-lift at 
work. That is to say, the caiKicity of the wells is 
determined by the capacity of the means emj)loyed in 
nnwatering them at the time they were sunk. More 
powerful fmmping appliances would have enabled a much 
greater depth to have been obtained, and it is unquest¬ 
ionable that the available (juantlty of water would in 
consequence have been enormously increased. It must, 
however, be fully recognised that the eflFect of |famj»ing 
on a' large scale will,he to lower the level of saturation ; 
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and the amount of work wliich will have to be done to 
obtain a larger supply of water will he greater in pro¬ 
portion to the quantity obtained than at present. It' 
therefore follows, that if improved methods of doing 
work are to be successful they must be not only more 
powerful but also very much cheaper. 

From ex[)eriments which have been made in 
various places it appears that the cost of raising water by 
native methods is by no means so cheap as is generally 
supi>used. Experience extending over many years at 
the Agricultural College, Saidajtet, has enabled the 
aothoritie.« there, to state that they were able to raise 
4,000 c. ft. of water 1 foot high for 1 anna, whicli 
means roughly that the cost of irrigating an acre of 
land to a depth of 1 inch Irom a well 2j ft. deep is 
about Ks. 1-''. 'I’his may lie accepted as the cost of 
irrigation under favourable conditions in normal years. 
But in .reasons like the jiresent the cost of keeping 
•attle in good condition and fit for the heavy work 
..ater-lifting is more than doubled, and it would be 
certainly within the mark to say ttial at the present 
time to lift an acre inch of water from a well 2o ft. deep 
costs more than lis. .S. It is. therefore, almost impos- 
•sible to obtain accurate figures regarding the cost of 
native metiiods of lifting watiw. it is always a heavy 
item, but it is difficult to express it in currency terms. 
It varies materially from year to year, and unfortu¬ 
nately in dry years when water is most wanted, then 
the high*price of fodder makes the cost of water-lifting 
extremely heavy. 
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Now, with in«,.-tianie!il appliance:! the oondilions are 
iniif'h more favourable. The seasons do not affect the 
|)rif(' of fuel, and tlmiij'h tlirouijhout the year interest 
chiirtres have to he j)aid and a man must he kept to look 
after the engine, yet when the rainfall is favourable and 
little water is required the cost of runnin!; and the depre¬ 
ciation are very sniall. (in the other hand, in times of 
drout'ht when thecjuantity of water reipiirwl is very hirge, 
it is easy to run the eiifjiiie for longer hours to obtain a 
much larger supjily, and the extni cost of doing this 
is usually more than comiiensated for by the eidianeed 
prices which the products of agricidtiire then yield. 

From the evperiiuenls wdiich ha!e been in (iro- 
oress throughout the last three years it has been 
possible to obtain fairly accurate figures regarding tlfe 
cost of raising water with oil eiigities and juimi)'. But 
any •ittempl to compare thesi' figures with those which 
would have been obtaiiKal had native .ippliiinces lieen 
^ised is.rendered almosf imjiossihle owing to the extreme 
diffic'.dly in estimating what would have been the co.st 
ofiloitig work maler such coiiditions. 1 shall certainly 
not overstate the case in favour of the oil engine and 
pump when 1 claim that tliey are capable of doing the 
work at le.ss Ilian otie-haif the cosi of native iriethodsj 
arid this’ too when thesAale of working is imfavonrahly 
sirndl. Where the area to he irilgated is huge and the 
supply of water ahunduni, there is iiA coini>arisnn be¬ 
tween the two methods. To lift aOO c. ft. a second, to a 

» 

height of If) ft. with cattle power is outside the region 
f practical working; cet, it presents no difficulty what- 
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ever to the engineer nntl, in a connwratively short 
time, those interested in the adoption of these new 
methods of r-aising water will be able to see an installa¬ 
tion of I bis size .at work in the Kistna District. The 
largei the units with which we can work, the greater 
the economy that can be effcctefl. The difficulty with 
motors .and piini)>s is to get them to work cheaply 
when the volume of water available is small. 

The statistics of well irrigation in this I'residenuy 
siiow that till' average area under each well is only 
acres, and l.lial lliercfore the (|uanlity of w.ater taken out 
probably does not amount to more than the one- 
hnndredlli of a < nhic fool per second, oi, say, 12 gallons 
jier minute during the working hours oflheday. .Many 
wells are. of course, cajialile of yielding .a much larger 
siip|ily l.h'in thi-, hut few have a ca|)afity sufficient to 
give lid! enijiloymciit to even llie smallest size of 
engiia and puin)i which it is considered adrisahle to 
in-tall. II must not. howi'ver. be imagined tha^ 
bn ause such wells o'o not evl-t tliey could not be eon- 
slincted if it weie advantageous to do so. Knijtiiries, 
.supplemented in some eases by experiments, during 
the last few months have placed beyond doubt tiie fact 
tliat wells yielding large volumes of water can be 
obtained ovi‘r considerable *reas ot country. And 
perliaiis what is still more im|M>rbint, it has been 
ascertained t.ba^ there are large supplies of water 
available in many nullahs and stream.s which could be 
used for* irrigation by the application of adequate 
pumping power. It would be unwise to attempt ot 
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eiitimate the extent to which in the future it is possi¬ 
ble that engines might be used for pumping, but it 
seems clear that there is room for the profitable em¬ 
ployment of a very large number of such installations. 


II 

In a rejjort on water-lifts written in lR9(i, 1 said : — 
“Steam pumping tnachinery is utterly Iwyonil the 
means of the jryot, and the force of tlie wind is (oo 
uncertain, and in general in India it is too weak to N* 
profitably utilised by windtr.ills, e'.en of the most 
modern type. Animals are therefore (he otdy source 
of j)ower available, and walei -lifts in lilt me must con¬ 
tinue to be, a.s they always have been, worked by cal He.” 
Til the main this is still true, hut within le-s than a 
de<-ade the advance-, which have heen made in the 
generation of jiower by iuleriial combustion engines, 
have heen so extraordinarily rapid that it is ijuite 
lH)s<ible now to compete with cattle whenever the work 
to be done is as much as wouiil reijuire the services of 
three or four pairs of o.vAi. h'xp-essed in engineering 
terms, the work done by an average |Mur cif cattle may 
be taken as one-fourth of a horse power, which is equi¬ 
valent to the lifting of IW gallons jier minuie from a 
depth of 5J;> feet. At this rate half-an-acrc of land will 
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be covered to a depth of one inch in nbont 6 hours ; or, 
to put it in the languai'e of the ryot, a pair of oxen 
can water half-an-acre of land a day, and the cost of 
watering will amount to Rs. l-H-.S per acre. 

Now a Hornaby-Akroyd oil engine, developing 
3i h.p. and employed to drive a S-inch centrifugal 
pump, will do as much work as l.'i pairs of cattle if it 
be run for 10 hours a day. In this time it will cover 
nearly 8 acres with water to a depth of one inch and 
as the running expenses will he Rs. 3-8-0 the cost of 
watering each !«!re will be only seven annas. So that 
where there is an adei|uate suiijdy of water the cost of 
pumping is only one-fourth that entailf;(l by doing 
the work with cattle. When the siijtply of water is 
iifsuffieient to kee]> such an engine and jiumj) running 
for 1C hours a day. the I'osl of working will he greater; 
and when the (iiimji can only run for two hours a day 
the cost of lifting water will be the same by either 
method. The average rlischarge of the jmmp may be * 
taker as 11,()()() gallons jier hour; so that roughly the 
minimum supply of water which should he available, if 
an engine and pump is to be installed with advantage 
is 4.'i,00l) gallons per day, or sufficient to give one 
watering to 2 acres of land. (If the more than half-a- 
rnillion wells, from which water*s drawn for irrigation 
in this Presidency, comparatively few would h(' able all 
the year round to ^ield the minimum supply reipired; 
but even i^the number were only one per cent, we 
could profitably employ something like 5,000 oU- 
engines and pumps. Whether onp ‘{ler cent, of the 
5 
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wells are capable of yielding the supply of water or 
not, it is impossible to say, as there are no data to go 
npon; but it is almost certain that a very much 
larger percentage of wells than this could, at a 
comparatively small cost, be improved so as to yield a 
good deal more than the minimum quantity of water 
required. All that is necessary is to deejien them and 
to pump out the water from a lower level, so that the 
gradient of the subsoil water flowing to the well may 
be increased. 

The smallest size of centrifugal piinq), which we 
can conveniently emjJoy for irrigation work, is one 
having suction and delivery pipes of inches diameter. 
Pumps of smaller size than this are made, but owing to 
their smail diameter they have t<j be run at a very hij^n 
speed, and the friction of the water, both in the pumj) 
and the piping, absorlis a very large proportion of the 
power, and their efflciency is e.vtremely lew. In 
^general, the efficiency of centrifugal puiiqis increases 
with their size, up to a certain point, provided that the 
lift be not too small. 

A 3-in. ])ump will deliver 11,(100 g-allons of water 
per hour, and if the inflow to a well were eijual to that 
amount, the daily yield of water should lie more than a 
quarter of a million gallons, which is six times the 
minimum ((uantity rc(;|uired. An inflow of 2,UU0 
gallons jier hour is sufficient to makd it worth while to 
install an engine and puinji, but it will he necessary to 
prpvide sufficient storage capacity to enable the water 
to accumulate at tke bottom of the well till it amounts 
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to a sufficient volume to make it worth while to run 
the engine. This is what has been done at Melrosa- 
pnrain, where, to start with, the well was 21 ft. in 
diameter and 21 ft. deep, with a central hole 15 ft. in 
diameter and 7 ft. deep, the latter cajiable of holding 
7,700 gallons of water. Observations showed that the 
rate of ]ier<!olat.ion into the well decreased very rapidly 
if the water ro.se alxive the rim of the central hole. To 
])ump out the (tentral hole took about an hour, and 
then the engine bad to he stopped till it filled again. 
Both sUuage capacity and jiercolation area were 
materially increased hy running adits horizontally from 
the bottom of the well. The total length* of these adits 
was 68 ft. and their average width 2 ft. and, as they 
were about ft. high, they held when full, 4,575 
gallons of water. It was desirable, however, to increase 
the storage cajMUiity considerably beyond this, and 
accordingly a new well, .30 ft. in diameter was sunk a 
4horl distance from the original well and the two 
connected by jnolonging one of the adits. The total 
area at the lowest level from which water is drawn is 
now 1,044 S(j. ft., and with 5ft. depth in the well, the 
storage capacity is nearly .3.3,000 gallons, or sufficient 
to keep the engine running jjpr three hours without 
taking into account the })ercol8tion during that time. 
The itdvantage o^ this large storage cajmcity has been 
fully realisetl during the last few months when, owing 
to the IjSg drought, the rate of percolation into the 
well has fallen as low as 1,500 gallons per hour. • By 
allowing this to accumulate, it* Las been pos.sible to 
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extract, with fair economy, every drop of water that 
could possibly be obtained and to keep the cultivation 
going on about 12 acres of land. This very small 
quantity of water, sup])leinented by the local rainfall, 
has proved sufficient to keep the crojis in fair condition, 
though it is jtrobable that the outturn this year will 
not be as favourable as usual. 

Where the height to which water has to be niise<l 
is small, engines of les.s than 3.^ h.-p. may be employed. 
A 2 h.-p. engine will drive a 3-in. centrifugal [)Unip on 
a 12 ft. lift, and this is about the smallest (iomhination of 
engine and ])um]> which con he used witli jirofit. Tlie 
advantages of .a large storage capacity seem to have 
been fully realised by the ryots, and 7nany of their 
wells have a much larger storage capacity than that' 
which has been provideii at Melrosapniam. In not a 
few (iases. by going deejier a much larger volumi' of 
underground water will become available. The depth, 
from which ryots draw water, varies considerably in 
different {wrts of the country and is prolmbly deei)est in 
(loimbatore and the (leded llistricts, where it is not 
nnooramon to lift water from a dei»th of 4(1 ft. So far, 
in Madras, centrifugal pumps have not yet been 
employeil on lifts exceeding 40 ft., hut at the tloimba- 
tore lail an oil engine is driving a pair of plunger 
pumps which lift the water 75 ft. As exjwrience ac¬ 
cumulates we shall probably find^ it profitable to go 
deeper and deeper and there is no reason w^iy with 
centrifugal pumps we should not be able to priifitably 
lift water to a height 9 f as much as 100 ft. 
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Since these irrigation experiments were started, a 
very large number of proposed sites for pumping stations 
have been investigated, and the greatest difficulty ex- 
jierieneed, in working out profitable schemes, has not 
been the height to which it was necessary to lift water, 
but the exjiensive arrangements which were found 
neiiessaiy to cope with the enormous variations in the 
water-level at dififerent seasons of the year. Fluctua¬ 
tions of 10 ft. or 50 ft. are not at ail uncommon where 
the water supply is derived from river beds or nullahs; 
and even in wells the range may he not farjshort of this. 
With centrifugal piiin|rs the maximum length of the suc¬ 
tion is about 25 ft., and up to that limit the variations 
in the water level give no trouble; hut beyond that jroint 
special designs must be employed. 

Another iliflieulty, which we have encountered in 
our investigations, is the very gradual sIojh* of the land 
between the place where water can be obtained and the 
iilace where it can he utilised. This entails the con-* 
striK'tion of high earthern banks to carry water over 
the low gi’ound, or the employment of iron pipes 
in whi(!h the water can be carried under pressure. 
Kither expedient is costly and there is no alternative 
excejjt when l.arge (joantities of water have to be dealt 
with. Then, the difficulty m."^ he got-over by divid¬ 
ing tlie total lift into stages and employing two or more 
.sets of engines an'd pumps, one at eardi stage. This 
plan has Ijeen ado})ted at the pumping station which is 
now iinifer construction for the experimental farm ,on 
the Hagari River, in the Rellary l^i.ttrict. In this ca.se 
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a 25 horse-power engine and 10-incii pump lift the 
water from the river a vertical height of about 16 ft.; 
and it is then carried about a mile from the river bank, 
the uhaiine! gradually getting into a deep cutting, till, 
at a convenient point, sucli water as is r(H|uired for the 
irrigation of the high level land is lifted out by a 
second engine and pump. 

ni 

Makers of i>entrifagal pumps invariably state their 
capacity in gallons per hour; but in dealing with 
irrigation work the units are inconvenient, and it is 
preferable to employ a unit of volume rather than one 
of weight. Kngineers in India have adopted the cubic 
foot jier second abbreviated into “ cnsec,” which is 
admirably adapted for dealing with the discharges of 
canals or channels of large systems of irrigation. In 
America, where the farmer’s influence predominates in 
irrigation works, the acre-inch or acre-foot, that is to 
»say, the quantity of water which will cover an acre of 
land to a dejith of an inch or a foot, is the unit most 
commonly employed. Now, a cusec is eijual to 
3,f>00 c. ft. per hour and an acre-inch is equal to 
.3,630 c. ft., so that for practical purpo.ses a cu.sec flow¬ 
ing for one hour is eijuivalent to an acre-inch. 

It has already heei# stated that for irrigation work 
it is not convenient to ein|iloy anything smaller than a 
3-inch centrifugal pump, and that such a pump is capa¬ 
ble of delivering halfa cusec, or sufficient water to cover 
an acre to a dejith of one inch, in two hoifrs. Our 
experiments have aJso Iwl to the conclusion that unless 
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» well can supply sufficient water to keep the pump 
running for four hours a day, it will not be worth while 
installing an oil engine to lift the water; that is to say, 
the minimum yield of a well must be two acre-inches 
or 7,260 c. ft. jier day. 

The question, therefore, whether a well will yield 
sufficient water to make it jiay to jmt down an engine 
and pnmj) is not a difficult one to answer, if observa¬ 
tions are made on the well at the right time of the 
year, or better still if observations are made on the well 
two or three times during the year. Ap|)lications are 
very frequently made to me for the expression of an 
opinion as to the ])ossibility of obtiiining sufficient 
water from a well, and as the experimehts to obtain 
data for framing an answer are extremely easy to 
carry out, I )>ropose to detail at some length what 
should be done so that any intelligent [lerson may be 
able to obtain an answer himself. 

The rate of percolation into a welt depend^ 
partly on the dejith of water standing in the well. 
If no water is drawn from a well for several days, the 
level of watei ii. the well will be the same as the level 
of the water in the surrounding strata, and a state of 
equilibrium will be established. Immediately water is 
removed from the well, the le-jel sinks, the equilibrium 
is disturlied and water from the surrounding strata 
begins to floft'inSo the well. Obviously, the lower the 
water level in the well is dejiressed, the more rapid 
will he the inflow, and the maximum will be reached 
when the well is (juite empty 
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Quite recently I was asked by the Court of Wards 
whether certain wells on the estate of a Minor would 
yield enough water to make it worth while to put 
down an engine and pump. One of my assistants was 
sent down to make a survey of the )>!ace and to carry out 
the ex]>eriments necessai’y to obtain some notion about 
the quantity of water which could be obtained from 
the wells. A brief account of what he did, the results 
he obtained, and the deductions which have been 
drawn from his observations will exetnjdify the way in 
which we endeavour to solve such prohlems. 

lie found thfit there weie two wells alwut 2.0(1 
yards apart, both ajiproxiinately rectangular :ind sunk 
through decomposed rock. The northern well was 6.0 
feet long and 35 feet broad, with a water surface of 
2,200 S(]. ft. It was ])ossible to bale water out of the 
well with two uihotes, which were worked together .and 
the combined capacity of which was found to be 8 c- ft. 
When baling was started the lift was ] 7'22 ft. and the 
cattle were able to lift. 224 buckets in the course of 
the first hour. A gauge, reading to feet and decimals 
of a foot, was fixed in the well and .arrangements were 
made to count the number of buckets lifted each hour 
and to record the level of the water at the time. 
Baling' was carried on co».tinuuusly for 41 hours, at the, 
end of which time it was found that the cattle were 
not able to lower the water level ki the well any 
further. Starting with 224 buckets per hour, with a 
lift of 17'22 ft. the number ilecreased to 144'*!)uokets 
per liour when the,,water was raised 24.32 ft. The 
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rpsnlts recorded have lieen plotted in diagrammatic 
form and I find that from the start, till the water level 
was lowered to 24 ft., the inflow increased pro|iortionately 
to the lowering of the water level, but tliat from this 
point onwards the rate of increase was more rapid 
being from 424 c. ft. {«'r hour with a level of 24 ft. to 
57(1 c. ft. per hour when the water level was lowered an 
additional 4 inches. 

Beyond this the experiment unfortunately could 
not he carried .as no I'urther pumping power was avail¬ 
able. There was still 3ft. of water in the well and the 
inflow would have (irobahly gone on increasiug if this 
could have Ireeii removed. I have therefore exjiressed 
the opinion that the w'ell will yield sufficient water 
trfjustify the establishment of an engine and pump, 
though I am not prepared at the present time to say 
how much water can be counted ujKin. That is a 
matter which only the experience of two or three years’ 
irrigation will enable us to decide. I have advised# 
that a t-in. puinji should be fitted up and driven by 
an engine of sufficient power to lift the water from 
a depth of 3.5 ft. below the present disclmrging 
level. This would enable the well to be deepened, if 
necessary, another 10 ft. and would undoubtedly in¬ 
crease the (low into the well. The pump will lift about 
,3,000 c.ft. per hour and will be capable of dealing with 
the inflow to (he* well under existing conditions in 
about five hours a day. It is iinjrossible to say how 
much lariJer an inflow will be obtained when the w^ll 
is deepened, or whether it will contime for any length 
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of time, as after the rains are over the subsoil water- 
level gradually sinks, and in a corresi»onding way the 
inflow to the wells decreases. Where extensive pump¬ 
ing is carried on it seems obvious that these changes 
will take place more rapidly and that a very consider¬ 
able volume of rock may be drained of water during 
the year by a deep well. In this case, if we assume 
that the well is deejiened to 36 ft. and that the 
surrounding strata contain 10 jier cent, of water, the 
pump, if worked for eight hours a day. will in the 
course of 200 days, which may he taken as the interval 
during which time the subsoil water rec'eives no n*- 
plenishment. drain an inverted cone of rock aiwut 
2,270 ft. in diameter at the ground level. At first 
the diameter of the cone will be small and che hydrati- 
lic gradient steep, .so that percolation will be rapid, 
but ,as the water is drawn off from the rctck the base 
of the cone will extend and the rate of inflow will 
•'diminish. 

The southern well on this e.state is very nearly 
8<]nare,tbe dimensions being HC) ft. by .32ft. and the water 
surface 2,800 srp ft. Haling was carried on for .51 hours 
with the result that the water level was lowered and 
the lift was increased from 22'36 to 28'6 ft., when the 
water level remained* constant under a draught of 
465 c. ft. per hour. With a similar depression of the 
water level in the northern wejj the* inflow was only 
360 c. ft. per hour, so that, if anything, this ij'elt is like- 
Iji to yield more water than the northern well, ft is 
probable, therefore,,that a 4-inch pump might also be 
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installed in thi.s well with great advantage. After a 
time the pumping from one well will begin to affect 
the inflow to the other and the total quantity of water 
raised from the two wells will be not much more than 
that which would be obtained from either of them 
.separately, assnmiiig that the other is not worked. In 
this case 1 have .suggested that only one engine should 
be installed, and that it should be placed in the well 
more conveniently situated for the irrigation of the 
lands lielonging to the estate. If this well be deepened 
sufficiently it will almost certainly drain the other 
well. 

These two wells are of a type common enough in 
this country. If sunk to a sufficient depth they may 
stifely he reckoned to yield a moderate supply of water 
for a fairly long time. In ordinary seasons the ryots 
draw from them but a small proportion of the water 
which might be obtained, but in dry seasons, like that 
we have just erperienced, the whole of the water suppljt 
is made u.se of. Many of these wells are very old and 
have jMssed through a mruber of abnormally dry sen- 
sons, so that they have rcai-hed the maximum depth 
that it pays to sink them when the water has to be 
drawn from them by cattle-|>ower. As a rule, on exami¬ 
nation they are generally fount! to contain a consid¬ 
erable (]uantity of silt, and the fact that this has been 
allowed to acciifnulate through a number of years 
seems to indicate that the ryots find that it does not 
now pay'them so well as it formerly did to lift water 
from a great depth for well cultivation. This evidence 
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is not very conclusive by itself, but it is borne out by 
the fact that all over the country, wages, food and 
fodder are steadily rising in value and the cost of 
raising water is therefore increasing. The value of 
produce is also rising, but, whether at an e(]ual rate or 
not, it is difficult to say. What seems to be more 
certain is that the soil is becoming exhausted 
and that either jioorer crops are raised or more money 
has to he spent on m.anure. 

In the coast districts, wells are sunk through beds 
of alluvium till water-bearing sands are reached. The 
rate of ]iercola(ion in such wells is usually very slow, 
on jiccount of t he comj)act nature of the sand, and as 
the wells have to be constructed by sinking cylinders 
of brick-work they are seldom over 2(1 feet in diametdr. 
Conse<|uently. they po-'sess but little storage capacity 
and engines un<l pum]>s can be nse<l only in a few of 
them. Where these water-hearing sands are within 
ea moderate distance of the surface the best way to 
get a large supply of water from them is to make 
an ojien excavation, and at the bottom of it sink a 
number of wells in a line, connecting the wells one 
with the other by iron pipes, which can lie worked 
through from w« II to well if the intervening sjmee be 
not too great. The wefis from whieli Mr. I’anduranga 
Moodelliar is pumjiing water near tJuddalore belong to 
this tyjie. He started with prie ilell, 12 feet in 
diameter, and has sunk alongside it a second well 20 ft. 
in diameter, and now he projaises to sink* a third 
well so as to obtain an increased area of percolation 
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and a large storage (apacity for water. His wells are 
already 36 feet deep and farther progress is barred by 
'the fact that they now rest on a bed of clay. Under 
this bed of clay, which has been ])roved to have a 
thickness of more than 50 feet it is not at all impro¬ 
bable that water-bearing sands or gravels may be met 
’with, and it is ijoite ])ossible that by sinking the bore¬ 
hole to a sufficient depth we might obhiin an artesian 
or sub-artesian su|>|»ly of considerable volume.* 

In old river beds the sand is often much coarser 
;ind yields water \ery freely. In sucii places there is 
but little difficulty in getting suffi<'ient water for pumps 
of even considerable size. The chief difficulty lies in 
constructing the wells, whicli retpiire to be of large 
diinensions so as to give a suffii-ient area for perco¬ 
lation. If the wells are small the water level will have 
to he lowered to prcaluce sufficn’ent How to feed the 
pump and the incoming water brings sand with it and 
sj “edily fills up ttie well. A pumping .station at a 
well of this type has recently started work near Villu- 
]iiiram and a second one will shortly be installed at 
Pandur, near Trivalur. 

Wells which derive their water sup])ly from lissures 
or s]>rings are extremely numerous in certain parts of the 
Presidency. Many of them are of fjreat depth and storage 
cajiacity, but the quantity of water they yield depends 
entirely ujwii the iiature of the water-bearing fissures 
which are ,piet with. The volume of water, which a 
well will ywld. can be measured in the way already 
• Vidr “ Irrigstian by ArteBup Wells.” 
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described; hut beyond the actnal figures obtained 
nothing of any value can he deduced. As a general 
rule, deepening the well will open new fissures and 
bring in a larger supply of water, but this is not 
necessarily always the case, and information obtained 
from borings furnishes no indication as to what will 
happen. In some cases holes have been “ jumped ” at 
the bottom of these wells with long iron jumpers, and 
fairly big charges of dynamite have been ex]iloded in 
them with extremely satisfactory results. New fissures 
have been opened and an increased water-supply 
obtained. As yet we know very little about sub¬ 
terranean wvter in this Presidency. In I'ourse of time 
the records from pumping stations will add very largely 
to our information j but in order that we may fully 
avail ourselves of the water-supply which can be got 
at a reasonable depth, boring must be carried out on 
a very extensive scale. 

IV 

The experiments in irrigation by jmmpiing, now 
going on in various [larts of this Presidency, are an 
attemjit to introduce into the country new methnils of 
working which have been rendered ])ussible by the 
enormous advances whg;h have been made during recent 
years in the methods of producing power. The ajiplica- 
tion of the steam-engine topum])ingjvater for irrigation 
or drainage is no new thing, tn some instances it has 
been done on a large scale. Along the NileF,tin Egypt, 
aitd in the Western and Southern Coast States of America 
steam-engines and pumps have been largely used for 
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irrit'ation work ; whilst in thp PVn Districts of England, 
in the marshes of Italy, and the low lying tracts of 
Holland, they have remedied the natural defects of the 
drainage, and vast quantities of water have been raised 
at a comparatively small cost. In Indiatbe steam-^.ngine 
and pump have been occasionally used both for irri¬ 
gation and drainage, but, as a rule, the work never 
proceeded beyond the experimental stage, as the scale 
on which operations were conducted was too small to 
make it {iny, 

h'nily five and twenty years ago the Otto gas- 
engine proved a practical rival to the steam-engine 
when small aiiiuunls of ]Miwer were required. But 
such engines could only be used where a supply of gas 
was available. The obvious field open to an engine of 
the internal combustion tyjie which would be inde¬ 
pendent of a town gas supply, led to the production of 
the earlier tjq>es of oil-engine. (>ne by one the practi¬ 
cal difficulties connected with their working were* 
overcome, and for some years past it has been possible 
to obtain motors, suitable lor agricultural work, which 
could he placed in the hands of people possessing 
very little mechanical skill. 

(kunjKired with the .steam-engine the oil-engine 
is eitremeJy economical. A small oil-engine 
uses no more fuel per brake horse-power devel¬ 
oped than the largest and most economical type of 
steam-engjne. The steam-engine will develop power 
on a large scale very economically in places where coal 
is cheap, but in small engines, ,e»en where fuel is 
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cheap, the eflBcieney of the procesB by which the heat 
of combustion of the fuel is converted into work is so 
very low that the cost of power s;enerated in them is 
extremely high. In large engines, a brake horse-power 
can be develoj)ed by burning from 1 to 1 ^ lbs. of good 
coal in the boilers, but in small portable engines, such 
as are frequently used by contiactors for driving 
centrifugal pumps, the (juantity of fuel rejpiired per 
brake horse-jjower varies from (1 1o 10 lbs. On the 
other hand, small oil-engines can he run with an 
average expenditure of 1 jant of kerosine oil or liquid 
fuel per horse-power hour de\elo)ieil. So long as kerosine 
oil and Inpiid fuel were expensi\e, the lulvantages of 
the oil-engine were not ajiimrent; but at the present 
time kerosine oil c.an be purchased ai from I annas 
a gallon and Injuid fuel is availalde in Madras* for 2 
annas a gallon, or Its. 30 a ton. 

In the Iteginning the gas-engine was oidy suited 
•for small powers and was worked with com])aratively 
rich gas. The discovery that an extremely jwor gas, 
which could be manufactured in enorinou.s ijuantities 
at a very low rate, could be utilised with advantage in 
the gas-engine led to the production of engines of 
large iKtwer; and now at the present, day engines up 
to £,00(f horse-jiower are lieing worked with producer 
gas or the waste gases from blast furnaces. Still more 
recently it has keen discovered that tfie gas-engine can 
be combined with a small gas producer, in ,which the 
gaq is manufactured according to the demand of the 
* The pnoe is iiovf iSfi. ^-'.i p«r gallon or Us, 41-4 per ton. 
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engine. These])lRTits, which work on the suction principle, 
have, within the last two or three years, proved an un¬ 
qualified success and for al! but the smallest powers are 
likely in the future to be more than rivals of the oil¬ 
engine. ITnfortunately they re<|nire either anthracite 
coal, coke or charcoal, and the ordinary bituminous coal 
which is available almost everywhere is not suitable. 

The items wliich go to make up the cost of run¬ 
ning a pumping plant are— 

(1) Fuel. 

(2) Stores. 

(3) Inlere.-t and depreciation. 

(4) Eeiiairs. 

(5) Super! ntcndeiife. 

’ The relative importance of lliese varies gre.atly, 
depending u|)on the type of motor employed and the 
local conditions as regards supply of fuel and cost of 
labour. The reason why irrigation by jmmping with 
the oil-engine is proving successful is due to the fact* 
that not only is the cost of fuel low, but the running of 
the engine can he entrusted to intelligent coolies who 
have received a little speci.al triiining. As the demand 
for oil-engine driveis is steadily growing we have 
established a training class for them in the School of 
Arts, and the idea is to Buji^ly a course of training 
lasting for six months, the pupils being sent up to 
learn the work fi^im the villages in which they will 
subsequenjly drive engines. If a fitter is employed 
to drive an engine he usually requires from Rs. 15,to 
Rs. 20 a month pay; but if a IbceI man receives 
6 
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sufficient training to nin the engine and knows how to 
keep it clean and in good working order, he will do 
just as well and will be content with, and in fact will 
consider himself well off, on Its. 7 or Rs. 8 a month. 
At the ]>resent time* there are about 200 engines of 
different kinds .at work in this Presidency, and the 
majority of these are, so far as my information goes, 
in the hands of people who are paid but little more 
than ordinary coolie wages. 

The convenience of oil-engines as a source of 
power has itnnle them extremely ]iu]ialar all over 
the world, and there !ire a large number of manufact¬ 
urers who make a s[)eciality of these motors. When 
kerosine oil is used ,as fuel there is but little to choose 
between them, the better engines being the mo-'e 
highly priced ; hut kenvine oil is expensive when eom- 
pared with the lirjuid fuel which is available in Madras 
and which, is e(iu.ally suitable for generating power, if 
the engines are specially adajded for it. Till some time 
last year there were only two types of engines on the 
market which would work satisfactorily with lii|uid 
fuel; vi:., the Diesel Engine and the Hornsby-Akroyd. 
The former is undoubtedly the best and most economic¬ 
al oil-engine which has been ptvnluced, but its initial 
CO t is very high and K would certainly not be siife to 
trust it in the bands of the class of people we are em¬ 
ploying as oil-engine drivers. Jlcredver, from a purely 
commercial point of view the economy in fuel c-onsurap- 

, * November 190.5. Bix years later the namber of oil-engines 
in the Madras Prcsidfncy is estimated to be about one thousand, 
of which probably (lOO are driving pumps. 
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tion is more than coanterbalancer) by tbe extra cost of 
the labour to look after it and by the incrwised interest 
charges entailed by its high i)ric.e; so that for engines 
of below 40 or 50 horse-power its use is only to be 
recommended where skilled mechanics must be employed 
irres])ective of the type of engine in use. In the School 
of Arts we have an 8-horse-power Diesel Engine at 
work which runs very satisfactorily when it is in good 
working order ; but in so small an engine the mecha¬ 
nism of the valves is rather delicate and they are a 
source of considerable trouble. 

The lloi-nsby-.'Vkroyd engine works on a totally 
ditt'erenl jninciple and engines of as smajl as 2 horse¬ 
power cau be obtained which work very well. Tjast 
year the master ]iatent on the engine exjiired, with the 
result that the principle of working has now been 
adopted by many makers of oil-engines; and it is no 
longer true, as it was last year, that the Hornsby 
engine is the only one on the market which will worl# 
with li(}uid fuel. When it was selected as the type of 
engine to be etnjiloyed in these irrigation experiments, 
it was the only one available, and thougli now there are 
others, it still stands first in the estimation of tbo.se 
who Lave most to do with them. In 1904, Mr. Dugald 
Clerk, probably tbe greatest lix^lng authority on oil and 
gas-engiues, delivered the James Forest I>ecture to the 
Institution of Civil Engineers, his subject being ‘‘Inter¬ 
nal Combyslion Motors.’’ In the notes appended to his 
aildress ffe remarks as follows regarding the Hornsby 
heavy oil-engine:— 
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“ This engine is the most extensively used of all 
the ‘ heavy ’ oil-engines of the world, Messrs. Hornsby 
having built many thousands of them in England. The 
success of this engine shows very clearly that it is often 
better to be content with a lower heat efficiency in 
order to obtain a practical engine free from delicacy of 
construction and easily kept running under the most 
adverse conditions.’’ 

With the new' chea]) fuel engines of other makers 
I have no practical ex])erience. Some of them may be 
as good, but it is certain that none of them are better 
than the Hornsby engine, which for the present has 
been selected as the standard engine to be used in all 
irrigation pumping installations, the funds for which 
are provided by Government either directly, orthrougii 
the operation of the Agricultural Loans Act. Not only 
is there nothing to l)e gained by introducing a multiplic¬ 
ity of tyi)es, but very considerable advantages accrue 
irfrom the fact that the wliole supply is in the hands of 
one firm. It becomes an important part of Iheir 
business and it is well worth their while to devote their 
attention to it, to stock i)arts which occasionally 
require renewing and to attend to repairs and break¬ 
downs with the least possible amount of delay. Later 
on, when pum]iing engines are in common use all over 
the Presidency, there w'ill be plenty of room for 
several types of engine, but a4 pre.4nt this is not the 
case and rapid develojiment is only to be locked for by 
concentration of effort along one line. It must not be 
imagined for a single instant that the best results can 
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be got from an oil-engine by a driver who understands 
no more than the purely mechanical details of working 
it. A good deal of skill, knowledge and experience 
are required to set up these oil-engines and to adjust 
them to their work; but when once adjusted they 
ought to remain in good running order for a long time. 
The idea underlying our system of working is that 
when an engine, censes to work satisfactorily it should 
be overhauled by a thoroughly skilled and competent 
mechanic. Our experience during the last two or 
three years tends to the conclusion that pumping 
work is exceedingly hard upon an oil-engine, and that 
unless it is in perfect working order the results are 
unsatisfactory. 

• V 

The main reasons which led us to select the Hornsby- 
Akroyd engine for pumping water for irrigation were 

(1) the simplicity of the working parts of the engine; 

(2) the fact that liquid fuel could be used in placfii 
of the more expensive kerosine oil; and (3) the 
general excellence of the design, workmanship and 
materials of its construction. As in most other oil 
and gas-engines, the working cycle is effected in two 
revolutions. At the commencement of the cycle the 
]>iston is at thebick end of th% cylinder, the air valve 
is 0 })eii and as the piston moves forward, the cylinder 
is filled with fresh air. At the same time the oil 
pump injects a jet of fuel into the hot vaporiser 
behind the piston, where it is converted into vapqur. 
During the return stroke of piston the air is 
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compressed in the cylinder and driven throngh the 
cuntracted opening between the cylinder and the vapor¬ 
iser into the vaporiser itsejf, where it mixes w'ith the 
oil vapour. The caimeity of the vaporiser is so ailj listed 
that when the ]>iston has completed the return stroke, 
the pressure and temjierature of the mixture of oil 
vapour and air are such that an ex]jlosion takes place 
and the piston moves forward, making the working 
stroke of the engine, .lust before the comjiletion of 
this stroke the e.vhuust valve o|jens and the burnt gases 
pass into the exhaust. During the second return' 
stroke, the piston drives out of the cylinder all the 
burnt gases, and the exhaust valve closes as the air 
valve opens tor the next cycle. It will thus be seen 
that energy is generated in the engine and work doue 
on the piston during only one stroke out of four. 
During two strokes the piston is running almost free, 
and during the fourth stroke it is working against a 
(gradually increasing back jiressure. It is obvious, 
therefore, that a fairly heavy fly wheel is necessary for 
steady running. 

To start the engine, a lamj) is used to heat the 
va)wiser to a tern].erature just lielow red-heat. This 
takes from .') to ID minutes, deivending on the size of 
the engine. After thit the heat generated by the 
successive explosions in the cylinder maintains the 
vajwiser at a sufficiently higli temperature. The 
working parts of the cylinder, and the necty connect¬ 
ing the vaporiser with the cylinder, are kept cool by 
means of r. water jncjret, through which water is con- 
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stantly circulating. The hotter the cylinder the greater 
is the thermal efficiency, but the smaller is its capa¬ 
city for doing work, as when the cylinder is very hot 
a less weight of air is drawn into the cylinder and 
therefore a less weight of explosive mixture is formed. 
Provided the vaporiser is kept hot enough to produce a 
well-timed explosion, the cooler the cylinder the 
greater the amount of ])Ower which can be generated 
by an engine; and in this country, where it is difficult 
to obtain cold circulating water, it is desirable to have 
sufficient water passing through the jackets so that the 
temperature is not raise<l beyond what is bearable to 
the hand. With pumping installations it is easy to 
obtain a suffieient sujijily of water, and instead of em- 
]floying cooling tanks, ns is the common arrangement 
when oil-engines are used in Worksho]>s and Kactories 
we generally employ either a small auxiliary pnniiw to 
force water through (he jackets, or, where the irriga¬ 
tion water i... raised above the level of the engin^ 
cylinder, a branch pi]ie takes off from a small tank 
which is kept full by the main pump. A cock or valve 
on this pipe enables the flow' of water through the 
jackets to be adjusted so as to obtain a satisfactory result 
The li(]uid fuel we are using in these engines is 
obtained from Messrs. Pest add Go., the lo(!al Agents 
of the Asiatic Petroleum Company. It comes from 
Borneo, and is siiliilar in character to what is known as 
astatki on the Kiissian oil-fields. It is the residue 
which i^left after the lighter oils have been removed 
by distillation. Usually it contains a small percentage 
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of water, which gradually settles at the bottom of the 
storage tank, and it requires to be carefully filtered 
before running it into the engine tank. If that is not 
done, the very fine passage through which the oil is 
squirted into the cylinder invariably chokes with dirt 
of some kind. This liquid fuel is of high specific 
gravity and generally ranges between O'Uo and 0’97. 
A sample, which was analysed, proved to have a speci¬ 
fic gravity of 0'967, the flashing ])oint was 206" F., 
and the heating value was 19,050 British thermal 
units, which is from 5 to 10 per cent, less than that of 
ordinary kerosine oil. 

Our experience with the working of these engines 
extends altogether over a period of about five years, 
and we find that they are subject to very little depre¬ 
ciation on account of wear and tear. Ortain parts 
require from time to time to Ije renewed, .and if this be 
done the engine remains jiractically unaffected by use 
^nd is as good after fire year’s work as when it was fir-st 
put in. If the engines are jirojierly looked after, 
reiMiirs and renewals cost very little; hut even when 
they are badly treated the amount of harm done is 
surprisingly small. The vaporiser, which is a separate 
casting bolted on to the back of the cylinder, lasts, 
when the engine is ndv overloaded, from one to two 
years, and then requires to be renewed. In the brasses 
of the connecting rod there is a<certaib amount of wear, 
and they also from time to time require rene^'al. But 
when the engines are kept properly cleaned th^s should 
be at fairly long intervals. The pump spindle is also 
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subject to wear, especially when the glands are too 
tightly packed, which will be found to be frequently 
the case with native drivers: hut this is a very small 
matter. At very long intervals it is probable that the 
cylinder liner will require renewal, and more frequently 
it will b» necessar}' to insert new piston rings. None 
of these items are very costly; and it may be safely 
said that if an engine is kejit in good running order, 
and renewals made from time to time as they are 
required, its life will be indefinitely prolonged, and it 
is hardly necessary to set aside anything for dei>reeia- 
tion. When liquid fuel is used in the. engine, a deposit 
of carbon forms in the vaporiser, which it is necessary 
to remove after about 12 hours running. To enable 
this to be done the back of Ihe vaporiser can he taken 
off, by unscrewing two nuts, and the interior exposed 
to view. When the engine is properly adjusted to the 
work which it has to do, and the temperature of the 
'■aporiser is not too high, this dejwsit of carbon is sof^ 
and friable and very easily removed ; but if the engine 
is allowed to work with a red-hot vaporiser, the carbon 
deposit is extremely hard and somewhat difficult to 
detach from the ribs of the vaporiser. 

It is extremely important that there should be no 
air in the pipe between the pfimp and the spraying 
nozzle, as this causes a practically continuous stream 
of oil to dribble fnto the vaporiser, when there ought 
to be only a short sharp jet lasting for a small fraction 
of a second, and quite complete before the comjwession 
stroke begins. This is a very common defect in the 
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working of these engines and one which gives rise to a 
great deal of trouble, although it is easily remedied. 

In the earlier paltems of engines the clearance 
sjMice, when the piston is on its back centre, can be 
varied by altering the elfective length of the connect¬ 
ing roll. lint in the later patterns of engine the con¬ 
necting rod is of fixed length, and a special adjustable 
cover is provided, whereby the volume of the clearance 
can be varied. The larger the clearance spa<!e, the 
lower is the compression pressure nn<l the higher the 
temperature necessary to obtain a satisfactory e.xplo- 
sion. In practice, we find that with liijuid fuel the 
compression pressure should amount to from .'lO to 
tiO lbs. per sijuare inch to obtain satisfactory results. 
AV’hen this jnessure is not reached, a larger quantity oV 
fuel has to be injected into llie engine and the 
temperature of the vaporisei- be'-omes very high. Often, 
when the engine is cidled u]ion to develop its maximum 
jjforking horse-power, tlie vajmriser gets so liot that the 
explosions take place before the end of the stroke and 
a very inconvenient hat’k pressure is set up which 
seriously diminishes the power of the engine and 
causes it to lose speed. 

For the pumping installations wliich we first put 
down, it was considered‘dpsirahle to keep the capita] 
outlay as small as possible, and aecordingly, engines 
were provided which, to do thelvork inquired of them, 
necessitated the generation of their maximup horse¬ 
power throughout the greater part of their running time. 
Experience has .shown that this is not altogether 
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satisfactory and it is desirable to allow a fair margin, 
as in pumping water the load never varies except that, 
when emptying a well, it gradually in<Teases from 
start to finish. 

The amount of power which can be generated by an 
oil-engine of a gi\ en size is affected very considerably 
by the height above sea-level of the jvlace in which it is 
worked, and v)il-engines require careful adjustment for 
the elevation, if the level he more than 2,00(1 or 3,000 
feet above the sea. In the high ranges of the hills in 
Southern India, where oil-engines are used for driving 
tea factories and coffee puljting inachinerj', the loss of 
power due to the rarity of the atmosphere must amount 
to as muck as 20 per cent, even when they are properly 
adjusted and a sufficient terminal pressure is reached at 
the end of the compression stroke. When thi.s is not 
attained they can never work satisfactorily and the fuel 
consumption must always he extremely high. In 
practical working it is doubtful if the llornsby engine 
i.s (jiiite as economical in fuel consumption as some 
other types of engine, as the simplicity of the method 
of Ignition is to some extent purchasetl by sacrificing 
thermal efficiency. A high compression is conducive 
to etficieney, but if it exceeds a certain amount in the 
Hornsby engine, then pre-ignifton takes place with bad 
result. 

The practic^ management of these engines is 
extremelij simple, and can be entrusted to intelligent 
coolies wko have received a short course of instruction. 
Where the load on the engine varies considerably, it is 
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desirable to vary the stroke of the pump so as to adjust 
tlie fuel supply to obtain as nearly as possible an ex¬ 
plosion at every stroke. When the engine is working 
satisfactorily the governor sleeve should bejust floating 
and occasionally the oil sujjply should l)e cut oft’. The 
lubrication of the engine is a very important matter 
and a serious item in the total cost of running it. 
The lubricators should always be ke 2 )t in good working 
order and the heat oil that is procurable at a reasonable 
price should be emjiloyi'd. Nothing better than a goo<l 
mineral oil can la* used, but they are comparatively 
expensive, and an engine can be run fairly well with 
castor oil for the main bearings and a mixture of 
cocoannt andf kerosine for lubricating the cylinder. 

VI 

The rivalry between the makers of oil an<l gas- 
engines as sources of motive power is keener now than 
at any previous time and except for very small instal- 
A^ations it is difficult to say which is best adapted for 
pum]jing water for irrigation. For installations re¬ 
quiring less than 10 h.-p. it will, 1 think, be generally 
accepted that a cheaj) fuel engine of the Hornsby type 
cannot be surpasseil, wherever li(|uid fuel can be ob¬ 
tained at a rate not much in excess of Its. 45 a ton. 
In the south of India tlfe great majority of our pump¬ 
ing stations will be under 10 h.-p. and with liquid 
fuel available in Madras at 2 a^nas a* galIon,or Its. 30 
a ton, there are not many places where it ,will cost 
moye than Its. 15 a ton for carriage from Madras. 
When more than l*0,h.-p. is required, the gas-engine 
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n conjunction with a suction gas producer using char¬ 
coal as fuel is likely in some instances to prove a more 
satisfactory method of obtaining [>ower. 

Many years ago, in the early days of the gas- 
engine, their use was greatly extended by Mr. Ktnerson 
Itowson, who invented a method of matiufacturiiig gas 
suitable for generating power which was very much 
cheaper in working than the ordinary coal gas manu¬ 
factured ill towns for illuminating purposes. In his 
proilucer a jet of steam under pressure was introdueed 
beneath the fire bai-s of a closed furnace, and was 
arranged so as to serve as an air injector. The 
mixed air and steam in fairly definite proportions 
passed between the fire bars and through a m-iss of 
ihcandescent fuel, resulting in the )>ruduction of large 
volumesof gas consisting mainly of aniixlure of nitrogen, 
carbon-monoxide and hydrogen. Valueless as an illu¬ 
minating gas, it was admirably adapted for gas-engines 
and the very economical results obtained with it gavi* 
a great impulse to their development, and to-day it is 
employed in a very large number of plants. The 
system is simple, but recjuires a boiler in which steam 
under a pressure of from 30 to 50 lbs. per squai'e inch 
is maintained and a gas holder in which the gas is 
stored till required. Obviously, therefore, it requires 
a cerloin amount of skilled supervision and is not 
adapted for wording on a small scale. The fnel used 
must be anthracite of a good quality, and this further 
limits t£e field in which it can be usefully applied. 
These disadvantages have beet} folly recognised by 
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gas-engine makers, and in their efforts to meet the 
ever increasing competition of oil-engines they have 
succeeded in making enormous imi»rovement in the 
methods of manufacturing gas, and have finally suc¬ 
ceeded in producing plants which in conjunction with 
gas-engines are likely fo obtain a final victory. 

The suction gas jirodncer plants now on the mar¬ 
ket re(|uire no boilers, no gas holders, and can be worked 
without skilled laliour. From an Indian point of view 
they ))Ossessthe further advantage that they can easily he 
manufactured in the country by enisling engineering 
firms, and they can be worked with charcoal, of which 
large quantities could be readily furnished by the Forest 
Deisvrtnient if there was a steady demand for the name. 
Apart from the possibility of obtaining cheap siqiplids 
of liquid fuel from niirma. we are at present entirely 
dependent upon foreign soui'ces for our oil-engine fuel, 
and, though it may be a minor matter, yet it is notone 
4to be altogether disregnided, that the suction gas jiro¬ 
dncer solves the jirolilem of obtaining a chea)) sujijily 
of power without having to go outside the country fur 
the fuel used.* 

Of suction gas jiroduceiii the number already on 
the market is very large; but, like bicycle,s, there is 
not much difference lK*fween the pnxiuctions of the 
vaiious makers, and most of them may be reckoned 

* Suction gas producers are now made which can be worked 
with wood. With a mechanical arrangement for separating the tar 
from tho gas before it enters the engine they are emifently satis¬ 
factory and whore wood is cheap they are vory economical. The 
smallest si^e ordinarilv nrnde is suited for an engine of about 35 
faorso-power. * 
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upon to do »ttisfactory work. Essentially they consist 
of a vessel containing water which is kept boiling after 
the a])paratns is once started by the hot gases coming 
from the furnace. The air, which is drawn in, passes 
over this water and thence into the closed ash pit of 
the combustion chamber. Passing through the mass 
of imaindescent fuel the water vajiour is decomposed 
and hydi'ogen set free. The oxygen of the air and the 
oxygen from the water combine with the carbon of 
the fuel and produce carbon-dioxide and carbon-mon¬ 
oxide. The former is valueless, but the latter is the. 
principal source of energy in the resultant mixture of 
gases. Prom the combustion chamber the hot gases 
are drawn round the boiler already inerftioned into a 
(Soke scrubber, where the dust and solid practieles are 
removed by tlie action of water continuously trickling 
over Ihe coke. A tar sejiaratov follows and then the gases 
jiass to a small reservoir, g<'neriilly known as the anti- 
•luctuator. and 1 lienee to the gas-engine. To star^ 
the mannfaetnre of gas, a small hand fan is provided to 
drive the air t hrongli the apparatus ; and the products 
of combustion are allowed to escape past a valve into 
the chimney, till the apparatus is beginning to yield 
gas of sufficiently good iiuality to drive the engine. 
The hand fan is then stopped,the valve to the chimney 
closed and the engine starteil. Thenceforth, air is drawn 
through the pro^cer by the suction action of the piston 
of the gas-engine, and the quantity of gas generated 
is exactl^ that required to meet the demands of the 
engine. Pumjring water is almost an ideal load, fc it 
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remains either constant or is a steadily increasing; one. 
In the producer apparatus, when at work, the pressure 
is always less than atmospheric; there is therefore no 
danger of escajnng gases, and the steam generator 
being at the same pressure is in noway a source of 
danger if neglected. 

The usual fuel is anthracite, but where this cannot 
be obtained at any reasonable price, good hard coke 
or charcoal may be employed. The gas producer 
must be looked upon as jairt of the power-generating 
plant, and for any given size of engine the producer 
must be of corresponding capacity. It is possible 
to obtain these suction gas plants of very small size, 
but they are much more costly than oil-engines of 
corresponding ])ower, and it is doubtful if they are so 
economical. The lowest limit of size seems to be about 
10 horse-power, and the largest at present in use 
are capable of generating about .300 horse-power. With 
.anthracite coal, the comsumption of fuel jier brake horse¬ 
power is extremely small, and in practical working 
medium sized plants may la- .safely reckoned upon to 
yield one brake horse-jiower hour per pound of anthracite, 
or per pound and a (piarter of coke. Properly carbon¬ 
ised charcoal will give about the same results as good 
coke, and it will be a stffe estimate to assume the one 
ton of good charcoal will give 1,500 b. h.-p. hours. 
The cost of charcoal in India Varies'^ a good deal. In 
Madras at the luesent time it is about Ks^ 25 a ton, 
but in large quantities it will probably be jibssible to 
secure a supply fois Es. 20 a ton. 
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Some years ago there was a discussion as to the 
possibility of manufacturing iron in the Salem 
District from charcoal, and Mr. C. W. Brasier, who was 
then Forest Officer in that District, estimated that 
charcoal could be manufactured on a fairly large 
scale and delivered at a distance of ten miles for 
Rs. 8-8 a ton. This was probably a sanguine estimate, 
but there is very little doubt that in mo.st pirts of the 
Madras Presidency it would be possible to obtain 
charcoal at Rs. 15 a ton, if there was a steady demand 
for it. This means, that for one rupee we can obtain 
100 brake horse-power hour.':. Using liquid fuel in an 
engine of about the same capacity, we could hardly 
jxpect to work with less consumption ])er brake horse¬ 
power hour than four-fifths of a pint. This would 
mean that 100 brake hoi se-power hours would require 
80 pints or iO gallons of liquid fuel, which in Madra.i 
would cost Rs. 1-1-0 and in most places Rs. 2. 
Roughly, therefore, we may say that under favourably 
conditions the fuel charges for a suction gas producer 
plant are about one-half those of a Hornsby oil-engine. 
The other items which go to make up the sum total of 
the working expenses are not very different in either 
case, though the capital outlay for a suction gas pro¬ 
ducer plant and gas-engine is aSout 20 percent, greater. 
It will thus pe seen that the popularity of the 
suction gas producer rests upon a thoi-oughly sound 
basis, an^altbough as yet but few of them have reached 
India, any one requiring power, whether in small, or 
large quantities, would be very ilJ-Jdvised not to eou- 

7 
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sider the claims of this comparatively new method of 
obtaining gas suitable for motive purjioses. Within 
the last few weeks a plant of this description has been 
installed in the Mount Koad to drive a dynamo for 
electric lighting work. Since it was started I have 
had it under careful observation, and I have come to 
the conclusion that it can be run as easily as an oil* 
engine at a slightly smaller cost. 

As a typical instance where a suction gas producer 
plant can be installed with advantage I may cite a 
case which was recently under investigation. At the 
foot of the hills in the Godavery District a natural lake 
of considerable extent has Iveen fonned by the gradual 
closing up of the mouth of a lateral valley by silt 
dejiosited during floods in the river. It is estimated 
that this lake is cajjahle of su]>plying suflScient water 
for .000 acres of land, and 1 have recommended the 
installation of engines and pumps to lift the water out 
mf the lake to a height sufficient to command the land. 
Three sources of motive power were practicable, (1) 
Diesel engines, (2) Hornsby oil-engines, and (3) gas- 
engities. The third was finally selected, liecause, it 
involvefl ’the owner of the land in the smallest annual 
outlay Within a short distance from the pumping 
station are situaterl coifciderable tracts of forest land 
which belong to him and from which he can obtain 
supplies of charcoal at a very *low drst By working 
his forest systematically he can obtain enough charcoal 
fr(pn an acre of land to supply, power suffieieit for an 
acre inigation. This is a very satisfactory result, as 
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there is scarcely any doubt that the forest land will 
greatly improve by systematic felling. The suction gas 
producer is comparatively new to India, but there is 
scarcely any doubt that it has a great future in front 
of it. 

vn. 

In conclusion, it is necessary to discuss briefly the 
methods by which the power generated is actually 
applied to lifting water. This ]>art of the business is 
open to treatment in great detail. Hut the discussion 
is mainly one for technical papers and is not susceptible 
o1 popular treatment. The simplest and cheapest 
method of lifting water is by means of the centrifugal 
ppmp. But, unfortunately, the centrifugal pump as 
ordinarily installed is by no means an efficient niachine, 
1'he lo-js of power ranges from (»0 jier cent, in pumps 
with a .3-in. suction pipe to 45 per cent, in pumps with a 
‘•uctioii pipe 10 or 12 inches in diameter. More fiivoura- 
bic results than this are frequently claimed by makers' 
of centrifugal pumps, but it is doubtful if in ordinary 
jiractical working they are ever realised.* A centrifugal 
pump with a 2-in. suction pipe would be a most con¬ 
venient .;i5:e to employ on a very large number of wells 
in this country. But the effic^^ncy is extremely low, 
and on a lift of 30 ft. probably three-fourths of the 
}iower put into th| pump would be wasted. The cen¬ 
trifugal pump as an irrigation machine has never been 

There hus hei>n itiatKou iiiiprovciiieut in the efliuiencj of 
centrifugal piunpe since the above was written pumps can and dbw 
he obtained with efficiencies ranging from Aer (iU to 75 per cent. 
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Btndied with gufficient care, bnt it ig likely that this 
omiggion will be remedied in the immediate future ag 
both in California and India the matter bag been taken 
up and a great deal of preliminary work done, 

()f the logs of energy which occurs in centrifugal 
pumps when they are worked, part is lost in the jmmp 
chamber itself, and part in the suction and delivery 
pipes; and the proportion that the latter bears to the 
former is often a congiderable one. Where the level of 
the water which has to be lifted fluctuates a great deal, 
the ordinary centrifugal pump can only deal with it 
when the range of level is not greater than the suction 
height of the pump. In ordinary practice this is 
limited to 20 ft., but if the foot valve is carefully 
designed so as to present but little obsti’uction to the 
flow of water and if the suction pipe is of sufficient 
diameter to carry the water at a moderate velocity, it 
is possible to work with the suction length as great as 
'28 ft. For instance, the ordinary 3-in. pump has a 
3-in. suction pijie, and the pump should be jflaced not 
more than 22 ft. above the minimum water level. But 
if a 4-in. pipe be emiiloyed with the same pump, the 
suction height can be increased to as much as 28 ft. 
and the loss of energj' in working the pump corresiiond- 
ingly decreased. In many wells in the south of India 
the level of water fluctuates a great deal more than 
this and may amount to as much as 40 or .50 ft. In 
such cases it is most convenient to use a centrifugal 
pump with a horizontal propeller supplied with power 
through a vertihgj shaft. Such pumps may be 
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omployed with % Buetion pipe from 2.5 to 28ft. long 
and can therefore be easily fixed when the water is 
•moderately low and they will work perfectly satis¬ 
factorily when submerged. The engine is placed near 
the mouth of the well and the vertical shaft in the 
pump carries a pulley fixed in position so that it can 
be driven by the engine through a quarter twist belt. 
This .arrangement is somewhat exi)ensive on account of 
the necessity of keeping the shaft in perfect alignment; 
tut it is very simple and the cheapest way of dealing 
with large quantities of water. In America, where 
water is often raise<l from great depths, the vertical 
sliaft and the horizontal j)ump are very^ commonly 
employed with the best possible results, and in not a 
few cases the shaft is driven by an electric motor either 
mounted direct on the upper end of the shaft or at 
s(ime little distance off and driven through a quarter 
twist belt. 

Where the quantity of water to be lifted is not 
very l.wge, bucket pumps might be employed with 
great advantage. In this matter also we must look to 
America mainly for examples to copy. English 
practice in the matter of pumps is exceedingly good 
and substantial, but it is generally too expensive. 
What is wanted in this country is for the local engineers 
to manufacture a class of pumping machinery which 
avoids the flimsiness so frequently apparent in American 
designs witfiout running to the other extreme, as is the 
case wit£ English makers. It is inevitable with 
pumps of this type that they 8hoaVl*be expensive and 
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heavy when compared with centrifugal pumps; but, on 
the other hand, this disadvantage is to a large extent 
compensated for by their superior efficiency, as it is' 
not difficult with a lift of 40 ft. or more to obtain a 
return in the water lifted of 80 per cent, of the energy 
put into them. That such pumps have not been 
used hitherto is mainly due to the fact that they 
require a good deal more skill in the design and ere<!- 
tion of them. Hut now that the matter has been taken 
Up by Government, it is reasonable to hope that this 
difficulty will disappear. In selecting a pump for 
irrigation work, the question of efficiency is of extreme 
importance. It is often better to pay two or three 
times as much for a more efficient pump, as it means 
that a smaller engine can be used to drive it and the 
saving in cost of the engine may be sufficient to pay 
for the extra cost of the pump. The final result is that 
the working exi>enses are diminished by the smaller 
amount of power which has to be generated to drive 
the more efficient pump. 

The majority of wells in this country do not yield 
a sufficient supply of water to make it worth while 
employing engines and pumps ; and, as in most places 
where well irrigation is extensively carried on, there 
are numerous wells in close proximity to one another; 
it has been frequently suggested that it would be pro¬ 
fitable to employ a portable engine and pum]), which 
might make a daily round, lifting out the jirater from 
a,number of wells. This is by no means impossible; 
but the plant wiM j)e costly and will require skilled 
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men to supervise it, so that it is hardly likely that it 
conld be done with any profit. 

A more practicable plan, but one which has not 
yet been tried in this country-, will be to put down a 
central power station and distribute enerjry to a con¬ 
siderable numlier of wells in the neif![hbourhood. There 
are at least three ways in which this could be done. 

(1) On the oil fields in America it is a common 
practice to work a number of deep well pumps by wire 
ropes attached to a l!ir<j;e eccentric driven by an oil or 
steam-engine. On the Kern Valley Oil Field in 
Southern California I saw in some instances the pumps 
of more than a dozen wells being drjven by one 
centrally situated engine, which, through a pair of 
bevel wheels, drove a vertical shaft carrying two eccen¬ 
trics, to the sheaves of which wire ropes radiating in 
all directions were attached. The shaft made about 
15 revolutions a minute, and the eccentric throw being 
about 12 inches gave the ])ump a stroke of 2 ft, Th^ 
wires were suspended in sling.® attached to cross arms 
on wooden poles and the pumps could be workeil 
satisfactorily up to a distance of half a mile from the 
engine. It wdll not be difficult to adapt this system to 
well irrigation in India, and^ there are hundreds of 
places where clusters of wells could easily be found and 
from which sufficient water could be obtained to give 
employment to engines of considerable power. 

(2) *^leotric motors and pumps might be installed 
in each well and the energy suppliad to them from a 
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central power station.* This system is hardly applic¬ 
able on a small scale but could be used with gr^t ad¬ 
vantage where there are a large number of wells. 

(3) At a central power station the engines might 
be used to drive air compressors and the power distri¬ 
buted through pipes to wells, in each of which would be 
installed a Pohle air-lift. This system is better adapted 
to tube wells which are carried to a great depth. But it 
is also possible to adapt it to wells sunk in beds of sand 
where the fluctuations in the water level at difierent 
seasons of the year are not very great. The air-lift is 
extremely simple, and if j>roi)erly designed, is fairly 
efficient. It has been extensively used both in Europe 
and America; and under cerfcun conditions it might 
be advantageously emjiloyed in irrigation work. 

* A HRheme working on these Hnos has been started by the 
Theosophical Society in the Adyar to the South of Madras. 



CHAPTER V. 


lEEIHATION FROM ARTESIAN WELLS. 

In the third section of the article on “ Irrigation 
with oil-engines” I wrote” 'I’he wells from which Mr. 
Panduranga Moodeliaris pumping water near Cuddalore 
derive their water-supply from beds of sand near the 
mrface. He has started with one well 12 ft. in 
diameter and has sunk alongside it a second well 20ft. 
in diameter and now he ]iroposes to sink a third well 
so as to obtain an increased area of percolation and a 
large storage caj)acity for water. Ilis wells are already 
over 30 ft. deep and further progress is bsStred by the 
hlct that they now rest on a bed of clay. Under this bed 
of clay, which has been proved to have a thickness of 
more than 50 ft., it is not at all improbable that water¬ 
bearing sands or gravels may be met with, and it is 
•.juite possible that by sinking the borehole to 
sufficient depth we might obtain an artesian or sub- 
artesian sup|)ly of considerable volume. ” 

It is interesting nowf to be able to report that 
Mr. Panduranga Moodeliar has employed some well- 
borers from Pondicherry to test the truth of this con¬ 
jecture, with the result that it Has proved correct. At 
a depth of 84 ft, from the surface he struck artesian 
water which rose* in his well to within 14 ft. of 
the level ^of the ground. At first the supply was 
very copfbns and a considerable volnme of sand and 


* In 1905. 


t In 1906. 
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mud was brought up with it, but after a few days 
the supply decreasal and the water came up clear. 
The internal diameter of the tube is 7* and 
the discharge amounts to 14G gallons per minute 
or, say, 200,000 gallons per day. During the day 
time, while the engine and pump are at work, 
the water is kept down in the well so that the mouth 
of the tube is free, but as soon as pum])ing ceases the 
water begins to steadily rise in the wells and the static 
level, or the level to which the water rises when none 
is drawn off, is 14ft. below the surface of the ground. 
This is, therefore, what is usually termed a sub-artesian 
supply. As Mr. Panduranga Moodeliar’s engine and 
pump can easily deal with a tliscbarge of .SOO gallons 
per minute, I have advised him to put down two mole 
7* boreholes in his larger well and this be has 
agreed to do. As tha well is 31 ft. deep at the 
place where the borings will be started, it will only be 
(^necessary to carry them down slightly over .50 ft., and 
the cost of doing this will he about Us. 100 for each 
borehole. 

As already stated, the well-boring operations were 
carried out by men from Pondicherry, and from them we 
learnt that a very large number of artesian wells are in 
use in the country south of Pondicherry for irrigation 
of paddy crops. It is, 1 believe, well known that 
there are a number of artesian wellS in Pondicherry, 
and the general impression regarding these ^sources of 
w^ter supply is feirly accurately stated in tb*e Iiei>ort 
of the Irrigation Commission, in which the Commission- 
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ers mention that they have received information re¬ 
garding 11 artesian wells in Pondicherry yielding a 
total supply of 5^ cusecs. No allusion is made to any 
irrigation under these wells and I think the general 
impression, which I have hitherto shared, is that the 
artesian water-supply in Pondicherry and its neigh¬ 
bourhood is not of much importance. That this is 
erroneous will be seen from the following facts which I 
gathered during a briet visit to the French territory in 
comjiany with Mr. Panduranga Moodeliar. The road 
from Cuddalore to Pondicherry crosses the Ponniat 
river about a mile and a half out, and almost immedia¬ 
tely begins to wind its way through alternate French 
and British villages. For some miles on either side of 
the road the country at this time of the year is dry 
and barren, but almost immediately after passing the 
Customs House, which is six or seven miles from 
Cuddalore, jiatches of bright green paddy are to be seen 
md beyond the Kilinjar river the greater part of tlij 
land on both sides of the road is under cultivation and 
presents a strange contrast to the burnt-np fields which 
here and there intervene and which can be seen all 
along the road in the far distance. Leaving the main 
road beyond the Kilinjar river we inspected a number 
of wells in various villages, arfll as we were accompani¬ 
ed by two well-boring raaistries and by the owners of 
most of these wAls, we were able to get fairly accurate 
informa^on regarding them. All the wells are bored 
the sanfe diameter, vit., 7 in., and in depth they vary 
from 150 to 250 ft. The tubing is made of sheet iron 
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riveted together in lengths of 4 ft. and the ryots 
measure the depth of a well by the number of tubes 
■employed. One of the best wells we saw had been 
sunk to a depth of 184 ft. and apparently yielded a 
supply of about half a cubic ft. per second. The irri¬ 
gation under it was said to be 20 acres, and the cost 
of putting down the well Rs. .300. The water in many 
of the wells appears to contain salts of iron as Ihe 
channels flowing away from them bore evidence of this. 
In one village, Pudukii]>pum, there were 10 wells, and 
in another village, Kilinji-kn](pum, there were 12 
wells, the total area under irrigation in these two 
villages being 1.10 acres, or an average of about 7 acres 
per well. One of the well-boring maistries, Manika 
tJownden by name, informed me that he had learnt 
the trade from a man brought to Pondicherry by the 
French Grovernment, and that during the last 10 or 12 
years he had sunk between 200 and 300 wells, whilst 
|;he other maistry claimed to have put down indej)end- 
■ently 210 wells. These figures may or may not be 
correct, but I am quite certain that there are many 
hundreds of wells to the south of Pondicherry and that 
probably more than a thousand acres are under irriga¬ 
tion from them. I was told that thereare a considerable 
number of people engageu in well-boring and that about 
25 sets of well-boring apparatus are in use. No at¬ 
tempt has been made anywhere except in the well 
belonging to the Anglo-h’rench Textile Comuany at 
Pondicherry to increase the natural flow of the wells, 
and the result is that most of them yield only a com- 
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paratively amall quantity of water. It would seem 
that the greater number of wells are in French territory 
but there is also a considerable number in the British 
villages scattered throughout the country between the 
Ponniar and the Kilinjar Rivers. 

One or two attempts to obtain artesian water 
have, been made in Cuddalore ; but they ended in 
failure, or supposed failure, because no water 
rose above the level of the ground. Mr. Panduranga 
Moodeliar’s boring on the banks of the Ponniar River 
shows that the bed of artesian water is of enormously 
greater extent than has higherto been supposed, but 
that in its southern extension the pressure is not 
sufficient to bring the water above th# level of the 
ground. Although the number of boreholes which 
have been put down is very considerable, the (]uantity 
of water drawn from these sands is by no means large, 
and it is probable, nay practically certain, that by 
[ umping it could be enormously increased. The vil-, 
lagei-s told me that in the rainy setison the wells yield 
rather more water than in the hot weather, but that 
there is no grejit difference in the yield throughout the 
year. 

The value of this water-supply depends very much 
more upon the fact that it is d&nstant throughout the 
year than upon its actual volume. But, unfortunately 
the poverty and {hdolence of the ryots precludes them 
from maWng any use of its perennial character. Usual¬ 
ly, where artesian water is available, two crops, of 
paddy are grown and the land is heavily manured with 
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castor cake. There seems to be scarcely any doubt 
that, if a number of small pumping stations were 
installed throughout this tnict of country, several 
thousand acres might be brought under sugar>cane 
cultivation and the wealth of the people enormously 
increased. There are no large landholders, and in¬ 
dividual ryots are quite unable to undertake the opera¬ 
tions neccessary to fully utilise the value of these stores 
of subterranean water. 

When a well yields more water than the owner re¬ 
quires for the irrigation of his land he sells the rest to 
his neighbours, taking one-third of the gross produce 
of the land in return for the water. Possibly some 
such system as this might be adopted on a large scale, 
hut it would Ire better if it were undertaken by jrrivate 
enterprise than through any (loverninent agency, as 
not only would it be nece.ssary to find cajatal for the 
pumping machinery but a'so for .advances lo the 
.ryots to enable them to undertake improve<l itiethods 
of cultivation. Where water is su{)p1ied to the ryots 
by pumping, the cost is naturally greater than when it 
comes from a tank or channel, though it is always very 
much less than that which the ryot inenrs when he 
bales out water from a well hy means of a ])icottah or 
mbote. Nevertheless, he is extremly unwilling to pay 
a water rate which may ariyrunt to Rs. 15 or Rs, 20 
per acre per annum, although this is very much less 
than he is actually paying when he employs coolies or 
cattle to lift water ior him. In the one case ne has to 
pay money down, and the ryot dislikes iwrting with 
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inoiipy, whilst in the other the payment is made 
in kind and is usually a part of the produce of 
the land itself. The introduction of the varam 
system seems to be the most likely way in which 
it will be practicable to bring to the aid of 
the ryot capital which would be freely available be¬ 
fore ready means of applying it can be devised. 
Sugar-cane cultivation offers the most favourable field 
for ex(ieriments in this direction, and the country 
round Cuddalove ]>ossesses unusual facilities for the 
growth of such a crop. 

The cretaceous de))osits of Pondicherry are well 
known to geologists and have been the subject of 
several learned memoirs, but the artesian Vater-supply 
(h>rivab!e jiresumably from the extension of these beds 
has not received the attention which it deserves. I 
have no information as to the position or the area of 
the out-croi of these water-bearing sands, yet from an 
economic point of view it is imjiortant that these^ 
.-hould be thoroughly investigated, so that some esti¬ 
mate may be formed as to the capacity of the subter¬ 
ranean reservoir. 



CHAPTER VI. 


THE VALUE OF WIND-MILLS IN INDIA. 

Previous to the advent of the steam-engine the 
wind-mill was held in high repute as a means of obtain¬ 
ing motive power, and it was largely used for grinding 
corn and for raising water for the drainage of low lands. 
The old fashioned mill wn.« cnmbrons and ex])ensive, 
and, as a rule, it Wfis so heavily loaded that it only 
worked in strong winds. The disadvantages attendant 
on its use were many and serious and it is not surpris- 
ng that it fell into disrepute. Subse()uently the inven¬ 
tion of the dynamo and the electrical .accumulator 
again drew the attention of Engineers to the wind as 
a source of energy and the modern aeruiotor or wind- 
.engine was gradually developed. The expectations 
based ujion the conversion of the power of wind into 
electrical energy and its storage in accumulators have 
not been realized mainly because of the large capital 
outlay involved in the plan. But a field for the use of 
wind-engines has been found in employing them to 
pump water either for'oiomestic purposes, for drainage 
or for irrigation, and at the preeent day many thousands 
are doing useful work in these directions. In no part 
of the world would there be more scope for them than 
in, India where millions of cattle are doily employed in 
raising water frourj wells for the irrigation of land, but 
unfortunately, they are too expensive for the individnsl 
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ryot, and thero ia a generally prevalent idea that the 
wind-currents in India are too light to make the 
amount of energy derivable from them of any material 
value. 

About two years ago I was asked by the Board of 
Revenue to furnish them with information regarding 
the utility of wind-mills for irrigation work, and as 
there was no trustworthy information available, I pro¬ 
posed to Messrs. Parry & Co., the Madras Agents of 
the Chicago Aermotor Company, that, if they would 
place an aermotor at my disix>sal for purely experi¬ 
mental work, I would undertake to collect and place 
on record the observations. After consultation with 
their princiiails in America, it was settled that a 16 ft. 
aermotor monnteil on a 70 ft. tower should be banded 
over to me to experiment with and the Board of Rev¬ 
enue agreed to furnish the necessary funds. 

A new aermotor was accordingly sent out, and I 
had it put up in the compound of the School of Art^i 
Madras. An attempt was made to sink a well, but the 
sub-soil proved so unsatisfactory that the well was 
abandoned and a masonry tank 10 ft. square and 5 ft. 
deep was constructed under the aermotor tower. It 
was originally intended that the aermotor should drive 
a rocking lever at the ground level, to which lever two 
pump rods were^to be attached, one working an 8-in. 
pump, the other a 6-in, pump, both to be fixed 25 ft. 
below gjaund level in the well. But when the well 
had to be given up it was found impracticable^ to 
arrange for driving two pumps ficept' at a greater 
« 
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expense than was warranted and only the 8-in. pump 
was fixed in the tank. 

The object of the experiment was to ascertain the 
quantity of water which the wind-mill would lift to a 
certain height every day in the year, and as there was 
no necessity to use the water for any puiqiose it was 
decided that the pump should be arranged to lift the 
water 25 ft. and allow it to fall back into the tank. 
To obtain the information required, a tacheometer was 
fitted to the jmmp to record every stroke, and to 
obtain the quantitie> of water lifted, it was only neces¬ 
sary to ascertain, as accurately as possible, the delivery 
of water per stroke. To do this, another tank 10 it. 
square and 5 ft. deep was built above the level of the 
ground and the water discharged from the delivery 
pipe was carried to it by a two-inch main fitted to the 
bottom of a wooden funnel into which the water lifted 
by the pump was discharged. 

The aermotor and tower were bolted together 
horizontally on the ground and were then lifted into a 
vertical position by means of a derrick. The plan 
followed was the very ingenious one devised by the 
Aermotor Company, but it gave us a great deal of 
trouble, as the tower, though it has proved to be amply 
strong enough in the erect position, was not well adapt¬ 
ed to resist the strains brought npon it daring the 
process of lifting, notwithstanding the fact that the 
instructions of the Aermotor Company were carefully 
carried out in regard to the addition of temporary bracing 
to resist the bendipg stresses. The wind-wheel was 
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geaied down to work the pQin]i in the ratio of 3^ to 1. 
The diameter of the pump was 8 inches, and the length 
of the stroke 16 inches, so that the theoretic discharge 
of the pnmp was 2'9 gallons per stroke. I^refnl experi¬ 
ments repeated a great number of times by reiording the 
number of strokes required to fill the measuring tank 
showed that the average <]nantity of water delivered 
by each stroke of the pump was 2’o gallons or 86 per 
cent, of the theoretic delivei-y. After preliminary 
experiments a daily reeoi-d of the work done by the 
wind-mill was kept from the end of March, 1902, and 
readings of the tacheometer were taken every morning 
at 8 A.M., at mid-day and at 4 p.m. It was at first 
intended to set up an anemometer to* record wind 
velocities, but after careful consideration of tl.e matter 
it was finally decided to disjiense with the anemometer 
readings and to obtain all the information regarding 
the wind movements from the Observatory in Madras 
which is situated not much more than a mile awa^. 
The aermotor was 70 ft. above the ground and well 
above the. infiuence of obstructions to the wind caused 
by buildings and trees, and as the whole country, for 
miles round, is a practically dead level plain, it was 
thought that, considering the observations were to be 
extended over a long period of*time, it would be better 
to accept the Observatory anemometric determinations 
than to admit a new set with instruments not so care¬ 
fully cal^rated as those of the Government Obser¬ 
vatory. 

TI.e aermotor has now been iip operation for more 
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than one year and sufficient information has been 
obtained to decide the question as to the suitiibiiity of 
these machines for irrigation work in India, Mr. B. 
LI. Jones, the Deputy Director in charge of the Madras 
Observatory, has been kind enough to furnish me with 
a copy of the Observatory wind records for the wliote 
year, and this statement gives not only the daily wind 
velocity in miles but also the movement of the wind 
in miles for every hour throughout the year. He has 
also been kind enough to furnish me. with other data 
regarding wind movements in India of which, as will 
be subsequently seen, considerable use has been made 
in this i)8i)er and I am greatly indebted to him for his 
courtesy in this matter. Mr. J. Cook, of the Central 
College, Bangalore, and Director of Meteorology in 
Mysore, has also been kind enough to send me 
valuable extracts from the recoids of bis Observatories, 
and 1 am glad to acknowledge my indebtedness to him 
for the same. 

It seems unnecessary to publish the whole of the 
data which have been collected, but as a sample of the 
records for the whole year. Table I summarizes the 
results of the observations made during the month of 
June. 

To determine the ratio Ijetween the work done by 
the wind-mill and the daily velocity of the wind in miles 
was the main object of the experiments and this was 
easily done by plotting the observations o^i section 
paper, taking as ordinates the number of gallons' of 
water lifted 25 ft. per day and as abscissa- the wind 
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movement in miles per day. When the observationa 
had all been plotted, it was found that a straight line 
having the e()aution X=175 (Y—53) represented the 
results very satisfactorily, where X is equal to the 
number of gallons of water lifted 25 ft. per day and 
Y is the daily movement of the wind in miles. 

Greneral observations of the working of the wind¬ 
mill show that the strongest and steadiest winds 
generally blow in Madras from noon till alwut 5 o’clock 
in the afternoon, and from an examination of the Ob¬ 
servatory recor<ls, it was found that, on a considerable 
number of .afternoons during the year, tiie wind blew 
with an almost con.stant hourly velocitj^, and from a 
seleelioti of such days, a second curve was plotted 
Slaving as ordinates the work done by the wind-mill 
from 12 to 4 f.m. and as abscissa.' the total wind move¬ 
ment during that period. The equation X=156'87 Y 
ref-esents these results with very great accuracy 
whenever the wind velocity averages more than 8 mil»s 
per hour during the period. Careful observations on 
several days with an anemometer fixed to the wind¬ 
mill tower showed that it required a steady breeze of 
about 7^ miles per hour to keep the wind-mill in e,on- 
tinuous motion, but that, wh^n the wind velocity ex¬ 
ceeded 3 miles per hour, a certain amount of work was 
done as the result of puffs of wind. From the first 
equation it will be seen that, when the daily wind 
velocity m below 53 miles per day, the amount of work 
done by tbe wind-mill is negligible, but that above 
that velocity it steadily increases.in direct proportion 
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to the increased rate of the movement of the wind. 
Thii same result is also obtained from the second equa¬ 
tion, and it is one of extreme importance because 
makers of wind-mills invariably claim that the work 
done by a wind-mill is proportional to the cube of the 
wind velocity; and in their catalogues and price lists 
they publish fictitious tables showing the w'ork done by 
the wind at various velocities. 

Table II has been compiled from the average 
wind velocities measured at the observatory in Madras 
during the 30 yeai-s 18GG—1894, using equation (1) 
to determine the average amount of water which the 
wind-mill can lift. 

The other columns in this table show (1) the 
depth to which an acre of land would be covered during 
the month by the water lifted by the wind-mill; (2) 
the average monthly rainfall; and (3) the depth of 
water which would be supjjlied to 10 acres of land by 
adding to the natural rainfall the (juantity of water 
lifted by the pump. The months of February and 
October are the leastVindy in the year; but, during the 
former the harvest is in general progress whilst during 
the latter the rainfall is usually heavy. In March and 
April there is practically no rain, but the w'ater deli¬ 
vered by the wind-mill would be more than sufficient 
for the seed-beds required for an’area of over 10 acres. 
During May, June and July strong winds are prevalent 
and the water lifted by the wind-mill added to the 
average rainfall would cover a field of 10 acres to a 
depth of over 6 inches. This is sufficient with careful 
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Table II. 


Uontb. 

i Wind; 
daily 
velocity 

1 in miles. 

UMUfftll 

in inches 
during 
the 

month. 

Gallons 
of water 
lifted por 
day 
feet. 

InobeR, 
depth on 
10 acres 
per 

month. 

TotM rain¬ 
fall and 
water lifted 
inehea on 
10 aorea. 

January ... 

: 144 

O-8't 

1.4,!)20 

218 

3-07 

February ... 

122 

0-28 

12,070 

l-4!l 

1-77 

March 

152 

0'.‘«l 

17,318 

2-.‘17 

2-76 

April 

l!i| 

(••62 

24,140 

3-20 

3-82 

May 

227 

2']2 

30,4.50 

4‘09 

6-21 

June 

220 

211 

20,215 

SW 

r>'9S 

July 

lilt! 

;t'87 

2.5,380 

2'47 

TU 

August 

174 

4-ri« 

21,180 

2'SO 

7-45 

iieptcmber,. 

l.Mi 

4-()!l 

18,020 

2'3« 

7-08 

October ... 

123 

11'00 

12,240 

ria 

12-62 

November... 

Kt'i 

1.T21 

1!I,«00 

2'(a) 

1.5-81 

December... 

1S3 

r»*2H 

22,740 

311 

8-3!» 


use for the irrij^ation of almost any croji, and I am 


therefore of ojnniou that a 16-ft. aerniotor will do 
.'Uflicient work in .Madras to irrigate 10 aores of land 
when the water has to be lifted 2.5 ft. 

Before di.^russing these results further, it will be 
well to give a brief resume of the results of exj^wr^- 
ments on wind-mills which have been made in other 
parts of the world. “ The Water Supply and Irri^tion 
Pajjers,” jinblishcd by the I'liitefl .States Geological 
.Survey No. 20, give an account of an extensive series 
of experiments with wind-mills made by Mr. Thomas 
Perry. The experiments were carried out with extreme 
accuracy and with very elaborate apparatus and the 
results of them may be summarized as follows:— 

(1) • The maximum work which can be done by 
a wind-mill is proportional to the cube of the wjnd 
velocity. 
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of this is that the wind-mill works with the greatest 
efficiency when the velocity of the wind is just suffi¬ 
cient to keep it in steady motion, and, that at any 
other higher velocity of the wind only a portion of the 
useful work which the wind-mill could do is utilized. 
If a convenient arrangement could be devised 
whereby the load pot upon the wind-mill varied with 
the square of the wind velocity the work done by the.-,e 
machines would be much greater. An attempt to rea¬ 
lize this is made by the Chicago Aermotor Company 
who provide means whereby three different lengths of 
stroke of pump can be obtained, but in practice, it is 
found inconvenient to alter the length of the stroke. 
The most satisfactory way to vary the load on a 
*wind-mill is to provide it with two juimps worked 
through a rocking lever fixed at ground le\el. One 
pump can be permanently attached to the rocking lever 
and the other whenever the wind velocity is sufficient 
to justify doing so. 

' Table II has been compiled from the results 
obtained with a single pump of 8 inches diameter and 
IG inches stroke, but it is certain that for the greater 
part of the year for several hours each day the aermotor 
Would have been capable of working two such pumiw 
with jiractically no los.- cf speed. 

Table III gives the mean hourly movement of 
wind at Madras irrespective of directi<»n and by using 

e A wind-mill has since been erected at Melrosapuram in which 
the pump is worked through a rocking lever and thi^ point of 
»tt«obra--at of the pump rod to the rocking lever can be shifted by 
a ttwversing screw In this way the stroke of the pomp oan be 
altered through a range slightly more than double the minimnni. 
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this table we can approsimately estimate what extra 
work would have been done if it had been possible to 
attach a second 8-inch pump to the wind-mill when¬ 
ever the velocity of the. wind was sufficient to drive two 
pumps. With a wind velocity of 8 miles per liour and 
one 8 inch pump the wind-mill works steadily ; with 
double the load, since the power of the wind-mill is 
proportional to the cube of the velocity of the wind, 
a wind velocity of 10 08 miles jiev hour would he re¬ 
quired. 

From Table III, Table IV lias been eomtiiled by 
taking out for each month the average nnniber of hours 
in the month during which the wind velocity wu.s over 
8 miles per hour, and also the number of hours in each 
month during which the wind velocity averaged over 
lO’OS miles per hour. From the totals it will be seen 
that the wind was strong enough during 3.“91 hours to 
drive one pura-p and sufficiently strong during 1,985 
hours to drive two pumiis. This means, that, neglect¬ 
ing any «>ork done by the w'ind when the average 
velocity was below- 8 miles jier hour, the total quantity 
of water railed by the wind-mill during the year would 
have bean increased by .52'4 {ler cent, if another 
pump could have been attached when the wind was 
favourable. To drive three pumjcs the wind velocity 
would have to be 11'.54 miles per hour and the table 
shows that this velocity was exceeded during 917 hours 
in the year, so that the addition of a third pump would 
have increased the work done by a further 24.3 per cent. 
If a 10-inch pump had been attached to the wind-mill 
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Talle IV. 

Number of hours in each nwnJOi the laind move¬ 
ment pei‘ hmr eccceeded 8 miles (A), exceeded 10‘08 
miles, (B), ereeeded ir54 milts (C), exceeded 9'28 
miles (D). 


Moiitli. 

B 

1! 

fl 

I) 

Jiiiiuiivy 

■>48 

180 


217 

Februiii-y 

1!I6 

.50 


UO 

March 

248 

186 

93 

217 

April 

:iG0 

240 

180 

300 

May 


3-41 

217 

490 

J IIUU 

6:to 

300 

210 

300 

July 

372 

217 

02 

279 

August 

279 

02 

• , 

186 

Septeiulier 

240 

, . 

» « 

120 

October 

120 



.. 

November 

270 

180. 

. . 

283 

1 (cccmlw 

270 

2^ 

1.5.-) 

36.3 

Total .. 

13,791 

1,98,'i 

917 

2,795 


instead of an 8-inch puuip, a wind velocity of 9’28 
miles per hour would have been required. 

Table IV shows that during the year the wind 
exceeded this velocity during 2,725 hours and the 
quantity of water' which would have been lifted by 
the 10-inch pump would have been almost exactly e(]ual 
to that .which was lifted by the 8-inch pump, as 
when the 10-inoh pump is worl^ing, it will in hny 
given time lift r345 times as mubh water of the 8-inch 
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Tahle VI. 

Number of hours in each month the wind move¬ 
ment per hour exceeded 8-28 miles (A), exceeded 10-43 
miles (B), exceeded 11-94 miles (C), exceeded 9-50 
miles (D). 


Mouth. 

A 

« 

(! 

1) 

Jimiuii'y 

(•>•20 

270 


.‘tIO 

Kebniniy 

448 

;t08 


;ifi4 

Maieh 

4:i4 

i.'iri 


;t20 

April 

240 

!)0 1 


isr. 

May 

(>■>1 



.341 

June 

72(» 

720 ' 

.'■>40 

720 

July 

744 

74 4 

(;.')i 

744 

August 

744 

408 . 

279 

744 

Septenihev 

.‘too 

, 


lilO 

Ovtolwr 

217 I 

' 



NovemW 

270 ■ 

:to 

‘ 1 

. 1 

180 

December ^ 

fi.5l ; 

271» , 

217 ! 

;tio 

Toliil .. 

(i,0;!9 ' 

.•!,O08 j 

1.(187 ’ 

4,328 


pump. An examination of the tijruris given in 
Table IV shows that with the 8-inch pump 
the volume of water lifted is more uniformly distri¬ 
buted throughout the year than would be the case if 
the larger pump were used, and we may fairly assume 
that an 8-inch pum]> is more suitable for work with a 
l-B-feet aermotor in Madras thah a lO-incl^ pump 
woul^ be. It is im^Mitant to notice, however, that the 
difference is not vl'ry material and that, in ]>1aces 
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«'bere the wind dktribuUon is anything like that at 
Bladros, the size of tlie pump may vary within con- 
eiderable limits without materially affecting the (|natiti- 
ty of water which would be lifted. 

Table extracted from the My.sore Meteorological 
papers gives the mean hourly velocity during the four 
years (18!).) to 18!)8) at Bangalore, and from the data 
thus funiishefl. Table \'l. has been made out, sitnihurto 
Table IV., in order to frame an estimate of what would be 
the work done by an le^rmotor in that locality. As the 
station is over .‘1,000 feet above the level of the sea, the 
den.«ity of the .-lir is less and may lie .assumed to be O'i) 
of that at sea level. Siinv the work done by the wind is 
jiroportional 1o the mass multiplied by tfle cube of the 
Velocity a wind of 8 miles i)erhour.at sea level will be 
as effective as one of S‘2.S 'niles per hour at 3,000 feet 
elevation. The toOiIs of the columns of Table V. show, 
that a single 8-inch pum]» could be w^<ed for 0,03!) 
hours, and that two ])Umps could be worked for 3,008 
hours, whilst three ))nmps could he worked for 1,087 
hours, giving an increase to the amount of water lifted 
of 50 per cent, for two pumps and a further increase of 
28 j/er cent, foi a third pump. If a 10-inch pump were 
used, it would work for 4,328 hours; this number 
multiplied by T35, the ratio ^ the work done by the 
two pumps in any given wind shows that tJe 10-inch 
pump would onl/lift !)G‘7 per cent, of the water lifted 
by an 8-inch pump, and an examination of the table 
shows tlfit the greater {)art of this work would be dpne 
during three monsoon months and that during the rest 
9 
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of the year the 8-inch pump wouM be immenseily 
more effective than a 10-ineh pump. From these 
figures, it would apjwar that the. wind movements in 
Bangalore are so much stronger than in Madras that 
the work, whicli a IC-ft. aermotor would do, would be 60 
per cent, greater. It would be interesting to extend 
this method of investigating the prospects of a wind¬ 
mill to a number of other places in India, but the 
hourly data are not available, and we must content 
ourselves with the daily returns published by the 
Meteorological ])e])artment. In Table VII. the average 
daily wind velocity for each month in the year for 
some 28 stations fairly evenly distributed over India is 
given. 

We have seen t^fat the work done by ihc 
aermotor in Madras is jiroportional to the daily 
velocity of the wind, the eijnation being 
17.')(Y—o3). Ajiplyuig this eipiatioD to the figures 
giving the ax. "age daily velocity throughout the 
year we obtain the ratio given in the horizontal line 
method is '.rased upon the assumption 

that an 8-ineh jmmp is in use. But in places of low 
wind velocity it would be advisable to use a smaller 
pump, and in places of much higher wind velocity better 
results will be obtained Ivitli a larger pump. We have 
seen that the energy of the wind is projrurtional to the 
cube of the velocity and that the staidng power of the 
wind is proirortional to the s^are of the velocity, and 
it therefore .seems not unreasonable to assum^ that the 
energy which cun «be derived from the wind may be 
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taken as approximately e(|ual to the sijuare of the daily 
wind velocity. In Table VIT. is given the ratio of the 
average wind velocity at each place to the average 
wind velocity in Madras ^ )and the stpiares of these 

numbers ^ ’ A coin{Kirison of the two sets of 

ligures, and ^ ju;, ^shows that only in jdaces of 

extremely low or extremely high wind velocity there is 
any very material difference, and for this reason, I am 
inclined to think that the latter method of estimating 
the jirobahle amount of work which can be obtained 
from a wind-mill in any locality is the more accurate. 
It will be seen that at the great majority of 
stations the wind forces are so slight \hat we may 
linhesitatingly say tliat wind-mills are of no value. 
There remains, however, a certain number of stations 
where the conditions are favourable, and as these 
rejiresent the wind conditions pr^iling over a 
large tract of country, we arrive at tnis resnlt: th^t 
though over the greater part of India including the 
whole of Northern India, the energy of the wind is of 
no practical value, yet, there are many places in 
peninsular India where it should be ])rofitahle to make 
Use of wind-mills for irrigation. Along the sea coast from 
Karachi to IJombay and froml)*amond HarbourtoNega- 
patam, over a large tract of the Deccan,overtheMysore 
Plateau and prolmbly in most of the hill stations, it 
will he found that wind-mills if not absolutely ideal 
inacliine/for lifting water, are hy far the cheajjest apd 
most convenient of mechanical devices available. 
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From the equation which has been obtained'as the 
resultof observations in Madras, it is easy to calculate the 
effective horse-power obtained from a wind-mill, and it 
will be seen that when the load is fixed, as it is by the 
size of the immpand the height over which the water is 
lifted, the actual horse-power of the wind-mill is not 
very large even when sti-ong breezes are blowing. On 
the other hand, it must be remembered that a wind- 
wheel of from 13 to 20 ft. in diameter would be suffi¬ 
ciently large to extract all the water that can he obtain¬ 
ed from the majority of wells sunk in this country, 
and that, as it is most effective in hot dry weather, it 
is a more convenient aid to irrigation than at first sight 
might be ex[)ected. We lm\e seen that the airmunt of 
effective wiirk which a wind-mill can do is ir< reased HO 
per cent, by the addition of a second pumji. and as 
tlie cost of this addition is com|iartively small conijmred 
with the cost qf a wind-mill tower and pnra]i. I .“itrong- 
ly recommend that all wind-mills erected for lifting 
water should be arranged so as to be able to drive two 
pumjjs during jieriods when the wind velocity is suffi¬ 
ciently high. 

Taken as a whole, the movements of the w’ind 
in India, tliough very much feeoler than in tem¬ 
perate climates, are fairly reliable and conveniently 
distributed, the maximum wind force usually occurring 
in the afternoon when the water in the well will pro¬ 
bably be at its lowest level and* the work of .lifting it 
out therefore greatest. It may also be note^ that, as 
a rule, during rainy weather the wind movements are 
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feeble, but water for irrigation is not wanted then; 
whiH hot dry weather, when water is most wanted, is 
usually accomiianied by strong winds. The actual 
results of irrigation with aermotors should therefore be 
somewhat more favourable than calculations based on 
average returns indicate. 

As the result of experience with the working of 
the aermotor supplied by the (’hicago Company, I am 
of opinion that these maoliines are not sufficiently 
strongly (instructed for work in India. A good many 
minor breakages have occurred during the course of 
the ex])erimenl.', hut the most serious defects were due 
to the bud fitting of the valves in the pump chamber. 
The design seems to be excellent but the execution 
*was bad and much trouble miglit have been obviated 
if the pivots on which the flap valves turn had lieen 
made larger and fitted into better designed sockets. 
A wind-engine and pump lainnot lie,%)laced in inex¬ 
perienced hands; they rei(Hire carefully looking aftir, 
and the slightest defect or damage should be remedied 
immediately it occurs. Tt will not pay to keep an ex¬ 
perienced litter lo look after a single wind-mill, but 
the man could easily look after a dozen mills and where 
such <!olonies of wind-mills can be established they 
should prove remunerative investments. 

A 1C feet aermotor mounted on a 40-ft. tower and 
fitted with an 8-inch pump will cost, when erected over 
a well, i\Jiout Rs. 1,500, and we may assume that the 
cost of maintaining the same in good order will, be 
about Ks. 5 a month. Sueli investments should yield 
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about 6 per cent, interest on the capital expended, 
or Kb. 7-8-0 a month. Ten per cent, for depre¬ 
ciation is perhaps an excessive amount to allow, but 
it will be well on the safe side if we do so. This comes 
to Rs. 12-8-0 u month, making the total cost of the 
wind-mill Ks. a month. Now, this wind-mill will 
do as much work as at least 2 jjairs of good cattle, and 
if fitted with two pumps, it will be e()uivalent to .3 
pairs of cattle .and the cost of lifting water w'ith them 
will amount to from Ks. do to Ks. 67 a month, 
showing a margin in favour of llie wind-mill of from 
Ks. 20 to Ks. 40 a month. This is the result that can 
be obtained in Madras, but ther" are (liousands of 
square miles of country in India where much more 
fiivourable results can be obtained, and 1 therefore 
conclude this brief account of my observations on a 
wind-mill in Madras with tlie statement that there is 
a wide field ifh,.lndia o]»en for tlie profitable employ- 
ir.ent of wind-mills in lifting water for irrigation. 
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EXPEBIUENTS WITH WIND MILLS. 

In the summer of 11)03, the Royal Agricultural 
Society of England made an extensive series of trials 
of Wind Pumping Engines at Park Royal, and the 
gold medal of the Association was awarded to the Goold, 
Shapley & Muir Co., limited, of Brantford, Ontario, 
('anada, for their Imperial Canadian Wind Engine. 
The Triost iin]>ortant feature in which this wind-mill 
differs from otliers is the gearing whereljy the motion 
of the main shaft is transmitted to the pump. It con¬ 
sists of two vertical jKirallel racks with a connecting 
semi-circular rack top and Imttom, in which the pinion 
on the main shaft alternately engages, the rack being 
thrown over at the end of each stwfke by means of 
cams, thus reversing the direction of the travel of the 
pump rod. The rack i.s guided between four steel 
rollers, and to ensure the even working of the pinion 
in the rack a steel guide plate working against a flanged 
roller is ]>rovided. This enables a very long stroke of the 
pump to he used, and throughc^it the stroke the plunger 
travels at a uniform velocity, assuming that the main 
shaft itself is revolving uniformly. 

As it was considered desirable to make further ex¬ 
periment on wind-mills for irrigation, an English- 
built wind-mill of this tyjje was purchased from 
Messrs. Rickman & Co., and erett^ at Melrosapuram. 
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The wheel is 16 feet in diameter and it is erected up¬ 
on a tower, 40 feet high. The cost of the wind-mill 
was i.‘67-10«. A special irrigation pump was provided 
fitted with an airangeinent whereby the stroke of the 
pump could be varied from 22 inches as a maximum 
to 10 inches ns a minimum. The pump is double act¬ 
ing and the jjlunger has a diameter of ]2i inches. The 
pump has been erected by the side of an existing well 
at Jlelrosapurain in a shaft about 6 feet in diameter, 
connected at the bottom with the infiltration well. 
The pum]) delixers the water into a re.servoir with 
brick walls, 40 feet stjuare, and cajiable of huhling 
about 4 feet depth of water. The storage ca])aci(y is, 
therefore, about 40,000 gallons, oi- ?nore than the, 
maximum ijnantity w'hich i.“ likely to be delivered by 
the wind-mill in a single day. The cost of the instnlla- 
tioii complete was about Its. 3,000 Ihe jjrice of the 
jiumji with tlu^sgearing for varying the length of the 
sk'oke being Its. 1061. 

I'rom the 1st April, 100(1, an nttenijtt has been 
made to keejj a record of the work done by the wind¬ 
mill and a similar record has also bwn kept for a 10- 
feet wheel made by the (liicago Aerinolor (’.ompany 
which is also at work,at Mebo.5apuram lifting water 
from another well. The observations to be made were 
of the simplest possible character, buf before any use 
could be made of them every play’s record had to be 
carefully scrutinized and nearly half of themVejected. 
The instructions were that at 7 O’clock every morning 
the depth of the we.ter in the storage tank should be 
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measured and the sinice opened till the tank was empty. 
At the same time the depth from which the water was 
being lifted was to be recorded. After the wind-mill 
had been at work a short time, it was found that the 
arrangement for varying the length of the stroke of the 
pump was not very eflfeetive, and that the rooking arm 
retpiired to be balanced. Further experience clearly 
indicated that the variable stroke was of no great ad¬ 
vantage and finally the maximum stroke of the pump 
was accepted as being the most satisfactory load to j>r.t 
upon the wind-mill. All the gearing was then remov¬ 
ed and the puin]i rod made contimiou.s throughout. 

The results of the observations are shown in 
Table I which contains a record of the working of the 
wind-mills for a period of 1.") noHiths. The compiirison 
between the working of this wind-mill aiiil that of the 
Chicago Aermot,or in Madras (vide ji. l.'iT) shows that 
the results at IV^lro.sapurnm have so far been extremely 
unsatisfactory and that only during the last month on 
Ae record was the outturn at all com|(arable with the 
results obtained in Madras. Melrosnpiiram is oidy 29 
miles south of Madras, but it is 14 miles from the 
sea and the wind velo<-ities are ajijjarently much 
smaller that on the Coast, .lust at the time when the 
records from this wind-mill were becoming interesting 
and fairly satisfactory, it met with an unfortunate 
accident. A tooth of the mangle racV broke off and 
jammed between the pinion and the rack ^with the 
result that the gearing was smashed to pieces. This 
most unfortunate siccident has necessitated the dis- 
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mantling of the wind-engine and its removal for what 
is practically a reconstruction. 

In Table I the work done by the Canadian Aer- 
motor is compared with the work done by the Chicago 
Aermotor, the wheel of the former being 1 (i feet in 
diameter and of the latter 10 feet in diameter. The 
ratio of the surface ex])Osed to wind is therefore 
I'anally it is considered that small wind-mills are in 
profmrtion to their size more efficitmt than large ones, 
but in this ease the results obtfiined are all in favour 
of the larger wind-mill. During the months of the 
cold weather, when the winds are very light, Die effec¬ 
tive work flone per siprare foot of surface^ exposed to 
the wind is as much as double, but during the months 
when the winds are much .stronger, the ratio is by no- 
means so great. 

Throughout the period under re\iew the wind¬ 
mill was employed to irrigate sugar-caije, and the area 
watered amounted to 3i acres, but during the montl^jj. 
of February and March the supply of water was iiisuffi- 
ciei.t for the cane and a supplementary supply was 
obtained from the oil-engine and pump. This amount¬ 
ed in February to .340,000 gallons and in March to 
about 200,000 gallons. The observations recorded here 
must be extended over a period of several years before 
any general conclusions can be drawn from them. All 
that can be safely said at present is that the capital 
outlay at^felrosapuram on this wind-mill and pump is 
hardly justified by the results. 



CHAPTER Vril, 


WIND-MILL IRRIGATION IN AMERICA. 

There is a fjenerally prevalent idea that in 
the United States wind-mills are very largely used 
for lifting water from wells for irrigation, and during a 
recent visit to that i-ountry I availed myself of such 
opportunities as came in my way to find out exa<-tly 
what a practical race like the American fartners have 
been able to get out of the wind. Not very long ago 
a typical American wind-mill was lent to me by the 
tlhicago .Aermotor Comiianyand I kepi, it under obser¬ 
vation for a year in the compound of the School of 
Arts, Madras. At the end of that time I felt justified 
ip expressing the opinion that “ there is a wide field 
in India open for the profitable employment of wind¬ 
mills in lifting water for irrigation," but that the aer¬ 
motor supplied by the Chicago Company was not 
sufficiently strongly constructed for work in India.” 
In the United States 1 saw many thousands of wind¬ 
mills, blit very few of them were used for irrigation. 
They are nearly all employed either to drive light 
agrioultiiral machinery, to raise water for domestic 
purfioses, for watering stock, or for a small garden 

round the house. The water is raised from a well and 

( 

stored in a tank from iO to 20ft. above the ground, the 
tower of the wind-mill being usually made strong 
enough to carry the tank. In most instances 
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the snpjiiy of water required is not very large, and 
as soon as the tank is filled, the wheel is thrown out of 
the wind. Even when a good breeze is blowing it 
is not uncommon to see the majority of the wind-mills 
in a village or small town standing idle. Exjrerience 
has shown that the cheap wind-mills of America rapid¬ 
ly wear out. and so they are carefully looked after and 
not allow'ed to run unnecessan'ly. 

Most of tlie wind-inill.s are of small size, 8ft. and 
lOft. diametei'S being mo.st numerous. I visited the 
works of the largest firm of wind-mill makers in the 
world, and in conversation with the Manager he claim¬ 
ed that his firm had sold 400,0(10 mills in the last 
few years and that they wei-e expoi ted to all parts of 
tlie world, .lodging from the size of the works and the 
very complete mechanical equipment, there seemed to 
be nothing improbable about the statement of output. 
But I was surjirised to hear that they themselves did 
not consider their wind-mills strong enough for regular 
irrigation work. To sell large numbers of mills it was 
essential that they should lie cheap, and to keep the 
cost of construction down to the lowest possible limit 
economy of material is practised to such an extent that 
the fat tor of safety is reduced to a minimum and there 
is very little margin for wear afid tear. In the design 
lightness is considered of extreme importance so as to 
save expenditure* on materials and transport, and 
methods of construction are adopted not because they 
are the b«lt that can be devised but because they reqnjre 
little skilled labour in the fitting of the parts and the 
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•erection of the whole. The result is not satisfiictory 
from an irrigation point of view, and this is home out 
by the foot that wind-mills are not largely used in the 
United States for irrigation, except in certain areas 
where the local conditions are unusually favourable. 

J’rogress is so rapid in the States that it is difficult 
to get accurate statistical information, and even when 
such information is obtained it soon gets out of date 
and po8.sesses little practical value. In consequence 
the following figures and statements taken from the 
sixth volume of the T. S. (.Vrisu.s returns, which relate 
to the year 1899, cannot be a(!i-epted as accurately re¬ 
presenting the state of affairs at the present time, for, 
there is not the lea.st doubt that there have been con¬ 
siderable developments since then. Nevertheless, they 
help to substantiate the conclusion I have come to that 
no very great use is being made of the wind to lift 
water for irrigation. In 1899 there were about 170.0(10 
qcres of irrigation under wells, of wbi<-h over l.'»2.00() 
acres were in the State of ('California. And as to the 
motive power employed for raising the water it is re¬ 
marked:—‘’Wind-mills are not generally employed, 
•even the-'mailer plants being operated by s'.-ain. gas 
or electricity.’’ In the States of Kan-as and Nebraska 
wind-mill irrigation is generally reganled as having 
rrached its highest developments; yet it does not, 
amount to anything material, since iii 1899 there were 
only J .909 .acres irrigated by .')99 wells in Kansas, and 
in .Nebraska only 843 acres of »uch irrigation.' Kven if 
these figures could to-day be - multiplied ten times, 
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which is donbtlui, they would not represent anything 
very iiniiortaut. 

Of the. neighbourhood of Oarden > 'ity, Kansas, Mr. E. 
0. Murphy, ofthel'. S. (feological Survey, writes:— 

Perhaps nowhere in the I'nited States is irrigation 
firom wells by the use of wind-mills carried to the same 
extent as there, where may be found hundreds of wind¬ 
mill i»un:]iing plants I’lirnishing water to irrigate for 
I to 1.') acres each." During the irrigation season, 
which extends from April to September, the average 
daily wind velocity is miles, and the water-su])ply 
is contained in beds of sand and gravel situated at 
depths below the surface varying from 8 to 40 ft. The 
wells are usually 3 to 4 ft. square and sunk as far as 
<?in he conveniently done into the water-bearing beds. 
They are lined with woo<l, and from the bottom 
perforated galvanised iron tulies from U to 12 inches in 
diameter are put down so as to increase the area of 
Ijercolalion into the well. Nearly all the pumps are, 
of the reciproi-ating i)istoi) type and are, as a rule, 
(i. s or 10 inche,s in diameter. They are well designed, 
and the valves can easily be withdrawn for examination 
.and repair. The working efficiency on lifts of over 
2ti fee! is usually 7.') per cent, or more. From the 
results obtained m Madras witS the aermotor it would 
appar that under such (tonditions a 16-ft. aermotor 
should be cajMibffi of lifting an average of 42,000 
gallons per day from a depth of 25 ft. or enough water 
to irrigat^ 20 acres of land. The conditions, therefow, 

are very favourable for the employment of wind-mills 
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anti it is not suqtrising that they have been made use 
of. The only wonder is that more of th‘>m are not at 
work. 

I'ndoubtedly the main reason is the unsatisfactory 
character of the ordinary wind-miil, which is so lightly 
built that it can only be allowed to work in moderate 
winds and is, therefore, arranged to gradually move out 
of the wind as its velocity increases. This is a serious 
defect, ns the jiower of a wind-mill is jiroportionate 
not to the velocity of the wind hut, to sometliing more 
than the square of the wind velocity. (tbviously the 
wind-mill should be so constructed that its etticieiicy 
as a motor remains nearly constant through ji wide 
range of wind velocities. In order that this mtiy be 
the case the initial lotul should he extremely snndl, so 
that the mill will start in a very ligtit wind. As the 
velocity increa.ses the load shonhl increase in nearly 
the same ratio, aiid the wtn-k done will then he \irn- 
jiortionate to the square of the wind velocity. To 
attain this result in a jmnqnng-mill is a very difticult 
matter and has never yet been .satisfactorily accom¬ 
plished. It can only be done by using a ]iuinji of 
variable stroke, and introducing some simple device 
for making the length of the stroke proportionate to 
the velocity of the wind. Ai.y arrangement which is 
not automatii! is of very little value, e.xcej)t, perhaijs, 
the device of driving through a rocking sl»aft two or 
more i)um])> providwl with simple means for throwing 
them in or out of gejir. With light winds one pum]) 
can be used, with stronger winds two and in 
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some places it might be ]iroRtable to employ a third 
pump. In America this method of working would 
probably be of little value ; as it would entail periodic 
visits of a man to adjust the load to the wind, and this 
would be costly. But in India it would be quite 
practicable, as labour here is very cheap and the diurnal 
variations in the wind velocity are very regular. 

Oiii- limited exj»erience in India and the results of 
my enquiries in America are in complete accord. The 
cheap American win<l-mill outfit is not suited for irriga¬ 
tion work, and a stronger, stiffer design is absolutely 
necessary if it is to lind favour in this country. The 
manufacturers should aim at ])roilucing a wind-engine 
with a wheid alwnt 1 lift, in diameter, mounted on a 
tower -loft, high, which is sufficient for most places. 
The wheel should be geared down to the pun.j) shaft in 
the ratio of to 1, and the jmmi> should be from 10 
to 20. inches in diameter, depending on the lift, and 
fitted will' mechanism yet to he inventhd, which would 
enable llic length of the stroke to be varied automati¬ 
cally with the velocity of the wind. The design should 
provide for utilising the full force of the wind up to 
30 miles per hour, but beyoud this velocity the gover¬ 
nor should come into play and a.s quickly as possible 
throw the wheel out of the wind. For such a wind- 
engine and jmmp erected over a well it would be 
pract'cable to pay from Ks. l.,')00 to Ks. 2.000,or from 
£100 to £130. The pump is a comi>nrativeIy simple 
matter, Iv^it it requires careful design and must be well 
made so that it will be but little likely to get out of 
10 
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order. Bucket. leathers are probably the source of 
most trouble, but I am informed chrome leather makes 
a much more durable material for such fittings than 
the ordinary bark-tanned leather which is now univer¬ 
sally employed. If this he so, it is an iin}X)rtant im- 
provement and should he a(lo)>ted. In any ease, it 
should be poa.sible to remove .all the valves from the 
pump and replace them with certainty even when the 
pump barrel is deeply submerged in the water. The 
wind-engine pump invariably does all the work on the 
up-stroke, and to obtain a fairly uniform resislance to 
the turning moment of the crank shaft, the weight of 
the pumj) rod and bucket should be more than counter¬ 
balanced so that on the down-stroke work is done which 
is restored during the up-stroke. This can be effectert 
by floating the imniji rod in the delivery tube or by the 
use of counterbalance weights. By suitably ]iroj)ortian- 
ing the section of the pump-rod to the section of the 
delivery ])i)ic, a very satisfactory distribution of the 
work (Min he obtained with a fairly uniform delivery of 
the water. 

For irrigation it is ab-olutely necessary that the 
pump should deli'.cr the water into a storage reservoir 
which can lie m >-1 chcajily made with earthen banks, 
provided the.-e cnri he llia.lc water-tight. The banks 
should he alxiut l.jl!:. wide at the bii.-c, I’ft. wide at 
the top and iit. tiin. 'ii..;h. Tin*'reservoir slnmld 
'ie "jUare in plan, witii Me- no*' Ic-i than (it) ft. long 
on t!i(> iro-ide ol the h-in • ■■ it their base, iind'it,should 
he‘ lied to a dept'v, 'f 1 ft.. .■■■() , 1 ■ to supply water hir 
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nbuut 2 acres at a time. The reservoir should be provided 
with a small outlet to the well at the 3ft. level to pre¬ 
vent overfilling, and with a fairly large masonry sluice 
so that its contents may be discharged nipidly, as 
otherwise there will be a great waste of water if it is 
run on to the land in a .small stream. In America, 
and especially in California, much greater attention is 
jKiid to this point than is usual in India, exce})t in 
gardens where masonry conduits are in common use. 
If the practice were extended to fields under well irri¬ 
gation, the greater duty obtained from the water 
would amjdy repay the extra co.st. 

To conclude, wind-mills have not yet had a fair trial 
in India. Some have, been set up in District? where there 
was insufficient wind ; and all have been too lightly 
built for the heavy work they have been called u|X)n to 
))erform where the wind was strong enough. In 
America better results have been obtained ; but even 
there the ji/“sent < heaji tyjje of mill is recogni3e<l as 
uiisuitable, and manufiudureis are considering whether 
the demand for an irrigation mill is sufficient to make 
it worlli llieii while to meet it. 



CHAPTER IX. 


THE COST OF FOWEB. 

In the Madra-^i Presidency indastriiil enterprise is 
somewhat handicapiied by the hijjh jmoe which has to 
be jmid for fuel. It seems llierefore desirable to en¬ 
deavour to ascertain as far as possible the actual cost of 
generating i>ower both in small and large units by 
different nietho<ls, so that in future data may be avail- 
ble to enable those who may have ‘need of jmwer to 
obtain it at the minimum cost. 

The sources of power are : — 

1. Steam engines using wwid or coat as fuel. 

2. Internal combustion engine.' using kerosine 

oil, li(juid fuel or ]irnducer gas. 

3. AValer-power generated at natural waterfalfs 

and transmitted electrically. 

Of steam engines and Iwilers there are many 
varieties, and whei-e fuel is (fheBji. as in the neiglilwur- 
bood of S?ingnreni or of the coalfields of Rengal, for a 
large scale of powei development tlie)' are still the 
cheapest sources of mAti\e jxiwcr. Small steam en¬ 
gines, however, even under most favourable circumstanc¬ 
es are much less economical^and r^beii not in jierfect 
order are frequently extremely inefficient methods of 
producing power and it is probable that eveiywhei-e in 
Ittiia, for engines developing less than 20 horse-jiower 
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ateam engines must give way to either oil or gas- 
engines. 

Although the number of steam "engines at work 
in the Madras Presidency is considerable and although 
most j)eo)»le keep accounts which enable them to ap- 
jffoxiinately ascertain what they spend on power, yet 
few of them know exactly how much power is used 
and are consequently unable to stiite even with 
approximate accuracy what each unit of power costs 
them. These remarks do not, as a rule, however, 
•apply to cotton mills, and from information which has 
kindly been sui)plied to me by Messrs. Hinny & Co., 
and by Messrs. Kest Co., it has been,possible to 
ascertain the cost of working some of the largest 
an(i best manage<l power-generating stations in this 
Presidency. 

l''rom the tabular statement, A. which has been 
])repared, it will be seen that the iiioat economical 
steam engines at work in this Presidency develops 
nearly 1,500 h. p. and retjuires 1,99.S lb. of coal per 
indicated hoi-se-power jter hour. Including 6 per cent, 
interest on the capital outlay and 5 per cent, depreci¬ 
ation, both of which are projrer figures to take, the 
cost of working this engine amounted to lO'SOo annas 
jier hour per indicated horse-|)ower. Another engine 
slightly larger, working with coal which cost Rs. 14 a 
ton instead of Rs. 12-8-0, uses 0'044 lb. of coal per 
indicated Horse-ixiwer and the working expenses 
amount to 0'388 annas per indicated liorse-power per’ 
hour. The tabular statement also 'contains informa- 
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tion regarding engine!: of C5fl b. p., of 150 h. p.^ 
and 100 h. p., and from the figures given it will be 
seen that the smaller the engiue the higher the cost 
of power per unit. It is a matter of regret that no 
figures could be procured for an}' engine between 100 
h. p., and 7 h. p., as these would be directly com¬ 
parable with those given in Table C, for oil-engines. 
The figures relating to a small single cylinder porta¬ 
ble steam engine and boiler which was ascertained to 
develop on an average 7 b. h. p.. are interesting. 
The cost of running it amounts to l‘(i84 annas per, 
brake horse-power hour; that is to say the cost jier 
unit of iiowpr is .54 times as inueli as jn the case of 
the most efficient large .steam engine. I7iis engine is 
kejit in good working order and may be regarded ns a 
favourable specimen of its class and it is not improba¬ 
ble that there are a number of small steam engines of 
this kind working in the Presidency jin which each 
' brake horse-jiower hour costs at least 3 annas. 

Ji’or comparison with figures obtained from small oil¬ 
engines and certrifugal pumps Table R. has been pre¬ 
pared from data kindly furnishevl by Mr. W. Hutton, 
the Sanitary Engineer to the Government of Madras. It 
may be taken that Mui;icipal Water Works Pumping Sta¬ 
tions should represent a very high average of engineering 
efficiency and that results obtained with Worthington 
Compound and Triple Expansion Condensing Engines 
and Pumps should be good as can be got wi*h steam as 
Source of motive power for lifting water. In the tabular 
statement the cost'i)er indicated horse-power per hour 
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has been estimated from the other data on assumjttions 
as to the efficiency of the pumps and engines combined, 
but the figui-es relating to the cost of lifting one ocre- 
foot one foot are actual results biised upon the working 
expenses of the pumping stations to which has lieen 
added a suitable amount for interest and depreciation. 
Excepting the large pumping station at Trichinopoly 
the cost per unit varies between and (i annas and 
is slightly more than the cost at which we work the 
small irrigation pumping sta) ions which have a suffici¬ 
ent supply of water to keep the engines and pumps 
running for an average of at least 10 hours a day. 
That is to say, the oil-engine and jramp can hold their 
own in this part of the world again.st the mostad\anc- 
ed ])raetice in steam pumping on a considerably 
larger scale of o))eration. 

There has been a great development in the use of 
internal combuiytion engines during the last few }'ears 
a-3 account of the reputation they have gained not only 
for economy but for ease and convenience in working. In 
oil-engines, either kerosine oil or liquid fuel, may be 
used, but the former costs about three times as much 
as the latter and should cmly be used in small engines 
where convenience of rqpning is important and where 
extreme economy in working expenses is not essential, 
liiquid fuel has a somewhat higher specific gravity than 
kerosine oil and bulk for bulk the same amount of 
power is obtained, but an oil-engine set fonj, running 
with liquid fuel can only be counted upon to generate 
about 85 per eent.'^oj the power it will develop when 
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kerosine oil is used. For industrial pnrpo.ses only 
engines capable of working with liquid fuel need be 
taken into consideration and of these there are two 
types:— 

(1) The Diesel engine which stands in a class 

by itself, and 

(2) Such engines as the Hornsby Cliea]i Fuel 

engine, the National Oil engine and the 

Crossley engine. 

The Diesel engine generates power with a smaller 
consumption of fuel than any other engine whiidi has 
yet been invented, but its initial cost is somewhat high 
and it is too complicated an engine for very small 
jjowers. Roughly it uses from one-lmlf (o two-thirds 
the quantity of liquid fuel required by other types of 
oil-engine ; on the other hand, it ret|uires much more 
skilful supervision and the interest charges are nearly 
double. 

fi- 

^ In the tabular .slatement C. particulars are given 
of the working of a Diesel engine of 22o h. p. develop¬ 
ing an average brake horse-iwwer of 108. The fuel 
used amounted to 0'471b. per brake horse-imwer 
and the cost was 2 annas a gallon. A gallon 
of the fuel weighs 9'4 lb. so that the cost of fuel per 
brake lorse-jiower amounted to exactly one-tenth of 
one anna as coin|«ired with O'178 anna, the cost of the 
coal used in Engine No. 1, Tatrfe A. The actual cost 
of working per brake horse-power of the Diet'd engine 
is ;given as 0'352 anna as comiiared with O'Sdo anna 
per indicated horse-power, so that we may take it that 
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a IMesel engine developing not more than 200 b. h. p. 
is nearly as economical as a triple ex^^ansion steam 
engine of 1,500 h. p. Tt should moreover be remem¬ 
bered that in calculating the cost of working the Diesel 
engine depreciation had been allowed at the rate of 
7^ per <!ent. per annum. It is doubtful whether so high 
a dej)reciation is necessary, also as to whether in an 
average year rppair.s and renewals will amount to as 
much as Rs. 1,500. 

Taking as a base for calculations 300 working hours 
per month and liijnid fuel costing As 3]ier gallon, it 
may be assumed that the fuel (consumption in the two 
engines is in the ratio of 2 to 3. Then the total cost of 
running each engine is made up of the following items. 

(1) Interest and depreciation. 

(2) Repairs and renewals. 

(3) Cost of fuel. 

(4) ('Ost o^ stores. 

^ (5) Cost of labour and supervision. 

Foi- both engines the first item is taken at 12i per 
cent, on the ea])ital outlay, the second at jier cent, 
and for the fourth it hiw been assumed that the cost 
of stores and lubricating oil is the same for both engines 
and pro])ortional to the brake horse-jiower deveIoi)ed. 
Under these conditions the running costa of both types 
of engine are the same when 80 b. h. p^. is develoijed. 
In actual practice where so much as 80 horse-power is 
in use there will generally be available withoi^t extra 
costjihe skill and experience necessary to supervise 
the running of a Didl^ej engine and this will material- 
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ly reduce the economical limit for the employment of 
of Diesel engines. 

Taking all the factors into consideration, one is 
justified in stating that for generating power, a Diesel 
engine supplied with li()uid fuel at Rs. 30 a ton is on 
a par with the most economical steam engine which 
has so far been fitted up in this Presidency and which 
burns coal in its boilers costing Rs. 13-8-0 a ton. The 
Die,sel engine is however a motor which re<juires a 
fairly skille*'] mechanic to look after it and it will pro¬ 
bably be not unfair to the Diesel engine to say that 
for any size of engine the cost of labour and superin¬ 
tendence will not be less than Its. POO a year. On 
the other hand, engines of the Hornsby type are often 
•jilac-ed in the charge of drivers who do not get more 
than Its. 1a month and in some ca-.es only half that 
.sum. so that although these engines use 5() per cent, 
to 10(1 per cent, more liquid fuel per brake horse- 
jiower, yet they are more economicid as the saving of 
labour and interest charges more than cuiinterbalanra's 
the cost of the fuel. The larger the (juantity of power 
generated the more imjwrlant becomes the saving in 
the cost of fuel and there is some rate of power genera¬ 
tion at which the cost is the same for both the Diesel 
and the Hornsby engines. *iJelow that j)oint the 
Hornsby is cheaper, above that jwint the Diesel is the 
more economical Inotor. 

In the tabular shitement C. particulars of the run¬ 
ning of two .small oil-engines are given—one of 8 ^nd 
the other of h. p., which show that the cost is ap- 
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prozimately one anna per brake horse-power hour for 
small engines of this type when liquid fuel at 2 annas 
a gallon is available. 

A very cheap source of motive power for medium 
sized units is the gas-engine and suction gas producer 
combined. This method of generating power is only 
just coming into use in Madras and I am unable to 
present any accurate figures regarding the cost of work¬ 
ing. To my knowledge, so far, only or (i plants have 
been established, one of which uses imported anthracite 
as fuel, one is worked with mixture of Ttengal coke and 
eharfsml, and the other jilants have been run on 
locally manufactured charcoal. b’rom observations 
made on an eieetric light plant 1 have ascertained 
that the consumption of fuel is about 2,1 lb. of char¬ 
coal per brake horse-power running at two-thirds the 
maximum load for only about (i hours per d.ay. With 
charcoal at Us. 22-S-O a ton this is cipiivalent to If4 
anna for fuel [)er brake horse-jiower hour. 'I’lie cost 
of coal for a steam jdant running alongside anil under 
equally unfavourable conditions was alsnit H times as 
much. 

Although I have had no op)iorumil v to obtain 
accurate data regarding the co-t of riinning suction 
gas (irofiiicer jilanis with cliarcoa! as the fuel. Messrs. 
Massey A Co., have carrierl out .some intere.sliug tests 
on a Ilornsby-.St.ocl<]ioii plant «jf 'jk h. h. )i. under 
my 'Up"rvision. 'I’lie ongine wa- run on a water cool¬ 
ed jimkc, which na.- .-'t to a:.'- ii b l> I h. h. )>., .■Hid t',io 
tests were made. In ttie lust to-t the lire v/a- kept 
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going in tlie gennator for 48 hours and the engine 
was run for 7 hours one day and 8 hours the next. 
The total number of h. p. hours was 360 and the 
total consumption of charcoal 513 lb. equivalent to 
one b. li. p, for 1*13 lb. of charcoal. As it was 
known that some of the charooal used was very damp 
a second tidal was made lasting 34 hours with charcoal 
which had lieen specially dried. In this trial the 
engine ran for 8 hours and developed 192 h. h. p., 
hours witli a find consumption including the stand-by 
losses in 16 hours of 268 lb. of charcoal, equivalent to 
r39 lb. of charcoal per b. h.'p. The very slight 
difference in the two re.snlts wa.s quite unexpected and 
it seems i) 0 .<sible that damp charcoal is inbre. efficient 
ifl-thegiis generator than dry oliarcoul. 

Tlie manufacture of charcoal from wood is, in 
India, condm ted in an extremely primitive manner 
and the development of t'ui.- method* of generating 
j.(>wer will largely dejiend upon improvements in the* 
inariiif:ii-<ure of the fuel. Knughiy 5 tons of wood are 
sicrifieed to make a ton of c.harcoal and all tile availa¬ 
ble bye-products are allowed to escape into the 
citmosphcre. Hy charring wood in closed kilns and 
collecting the hye-iiroducts it slamid he practieahle to 
-upjily chareoal at U.-. I.'i a ton. and at that price 
-uctioi. gas profluetr plant- will prove ns cheap if not 
cheaper souri-e' of power than Iticsc! engines. 

Information regarding the cost of geiieraliixr 
c'nter-pcw'er in the '•■'iiitli of India is •e':‘,miiely seanSy 
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and it has only been made use of on at all a largo 
scale in three {daces : 

(1) At Sivasamudrain on the Falls of the 

Cauvery where nearly 10,000 horse- 
jiower is now developed and transmit¬ 
ted to the Kolar G-old Fields, to 
Mysore and to llangalore, 

(2) At the Kateri Falls which supply power 

for the (lordite Factory at Aruvankad, 

(3) Near Ambasatnndrain where a (lotton 

Mill of considerable size has for many 
years been driven by water-})Ower. 

In regard to the (fanvery ]iower sobenic which is 
now in the fifth year of its runninj; the average price 
charged per horse-power delivered at Kolar lias been 
Rs. 32! per annum, and this is eipiivaletit to OMSO 
anna per horse-power jier hour, assumitig that the 
power is available throughout the whole year. As a 
matter of fact the power was not availahh' tliriiugiiout 
the whole year and it may be taken that the mines 
have paid hitherto at least (I'ii anna per hnr>e-]) 0 wer 
per hour. At the end of the tiftb year they will only 
pay Rs. 150 per horse-imwer which makes the co.4 of 
power practically 0'3 anna jier indicated horse-power 
p.*r hoar. This is of course much cheaiier than power 
could be generated by other means on the field, hut it 
is very nearly as much as is jiaid in Madr.as for {lower 
develojied by steam engines on a large scale. 

At the Kateri Falls the electric installation 
has been put down to supply power to the Cordite 
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Factory at Aruvankad. The cost of the installa¬ 
tion was Inkhs of rupees and the running 
ezftenses averaged Its. 2,300 a month. At the present 
time the turbines are only run fur about 9 hours a day, 
but there is no reason why they should not run for at 
least 16 hours a day, and with but a slight increase in 
the staff it would be practicable to run them continu¬ 
ously. Under the circumstances the actual figures 
relating to the cost of running are misleading, and 
it is only pmclicable to furnish an approximate esti¬ 
mate of the cost of Ihe power which could be delivered 
at the Uordite Faclory. .41 lowing for loss in trans¬ 
mission and in th>‘ transformers, it seems probitble 
that the Factory could be supplied with 10,000 horse¬ 
power hours jier day or .lOO.OOO per month. Ten per 
cent, for interest and depreciation on the capital out¬ 
lay amounts to |{>. I..3,'50 a month and the running 
exirenses to I’s. 2..30() a month, making a total of 
Ks. 0,(i.)0. This is ei[aivaleiit to (f3o anna per b.h.pi 
hour. With a coni) larati rely small additional capital 
outlay the outjmt of the generating station could be 
greatly increased and there is no <|ue.stioii that, if the 
|(lant were worked under ordinary commercial condi¬ 
tions, the result would be mncb more favourable. 

In all schemes for the utilisation of water-power 
by generating elwitricity and transmitting it to a 
distance, the cost of a brake horse-power is invariably 
made of two unequal items. The first is the 
running expenses which are generally small and the 
second is the interest on the capi&l outlay which is 
11 
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usuillly large. It is only under exceptional conditions 
that the full output of the plant can be utilised for 
more than 10 hours a day and even in the south of 
India where fuel is e.vpensive, the conditions are usually 
unfavourable for making use of such supplies of water¬ 
power as actually exist. The enormous improvements 
which have been made in the efficiency of the various 
forms of internal combustion engine now on the 
market have rendered the utilisation of water-power a 
le.ss urgent matter than seemed probable some years 
ago. A a(jiiare mile of forest properly worked could 
be made to yield 300 tons of eharcojil per annum in 
peijietuity, and it is ijuite certain that this charcoal 
can be sold for power ])rodncing purposes at Rs. 2t) a 
ton, and each ton of charcoal would generate I,.*)!)!) 
horse-iwwer hours, that is t.o say, a sijuare mile of 
forest would keep a loO horse-power gas engine at 
work for 10 hours a daj' for 300 days in the year. The 
capital outlay involverl will he about Its. 30,000 ; the 
total working ex])enses including interest, deprecia¬ 
tion and renewals will amount to about Rs. 1,100 a 
month, whicli is equivalent to 0‘5 anna per horse¬ 
power per hour, which is about as good a result as can 
be obtained with a medium sized steam engine using 
coal at Rs. 12-8-0 a ton. 

Improvements in the methods of manufacturing 
charcoal, especially in the direction of recovering tlie 
bye-i)roductR, would undoubtedly reduce the c(wt very 
considerably. A great deal of interest has been excit¬ 
ed in the question of utilising water-power, but these 
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figures serve at least to indicate that in the forests of 
this Presidency it is possible to find stores of power of 
even greater economic importance, and it is probable 
that in this direction we shall find the best solution of 
the problem of providing for the promotion of indus* 
trial development. 



CHAPTER X. 


COST OF LIFTING WATER. 

Although the number of pumping stations now at 
work is fairly large it has been impossible to obtiiin 
figures relating to the cost of working except in the 
case of a very few and these have not been worketl 
under conditions which would yield the best results. 
The principal items which go to make up the cost of 
running a pumping station are :— 

(1) the cost of the fuel used in the engine which 

may be either kerosine oil. liquid fuel or 
a mixture of both ; 

(2) the cost of stores, including oil, waste and 

belting; 

* (3) the cost of labour employed in running the 

station; 

(4) the cost of repairs to keep the plant in good 

working order: 

(5) charges on account of interest on the ca|>ital 

outlay. ' 

It will lie convenient to make a few remarks under 
each of these heads:— < 

1. Liquid fuel is sold in Madras at 2 ^annas i)er 
gallon and for a pumping station we must include the 
tnnsit charges which will bring up the cost to an aver* 
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age of annaK ]ier gallon. In some cases it will be a 
little more and in others lees. At present the price of 
liquid fuel in Madras does not fluctuate.* Kerosine oil 
can be obtained all over the Presidency at rates vary¬ 
ing from 5 to 8 annas a gallon depending upon the 
quality of the oil and the place in which it is sold. The 
■specific gravity of kerosine oil varies from 0‘80 to 0‘82, 
whilst the specific gravity ofli(}nid fuel is between 0’94 
and and for practical purposes we may assume that 
the s!une amount of i)ower may be generated from 
equal volumes of the two liijuids. The cost of fuel for 
generating power will therefore be from two to two and 
a half times us great when kerosine oil is used instead 
of liquid fuel. Large pumping stations cjn be worked 
•nuch more ei;onomiciilly than small ones as, not only 
are ca})itiil outlay and lalrour charges per unit less, but 
the engines and ]>nmps are more efficient. 

2. Itesides fuel for running the engine, certain 
stores are necessary, including kerosine oil, for the 
v.’iporiser lamp, lubricating oil for the piston and bear¬ 
ings, cotton waste and belting. The total amount ex- 
))eiK!ed on these items dejiends very much upon the 
way in which the driver does his work. As a general 
rule lubricating oil is shamefully wasted and belting 
firom sheer neglect has scarrWy ever half the life it 
ought to have. For the lubrication of the piston it is 
better to use a hijih class mineral oil but for the bear¬ 
ings castor oil may well be employed. 

* This is DO longer true. The price of liijuid fuel in Hndne 
ii now 2} usneB per gallon. 
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3. With large engines the cost of the driver’s 
wages does not form a very large percentage of the 
total cost of running and it is therefore better to pnt 
the engine in charge of an experienced fitter and dri¬ 
ver. Such a man can be obtained for about 11s. 30 a 
month and should be quite competent to do all the 
work connected with keeping the engine in running 
order himself. M'ith small engines it is newssary to 
employ cheaper men and wages may range from Rs. 7 
to Rs. 15 a month, hut as yet it is probable that cheaji 
labour has involved an increased outlay on rejiairs 
which has not been compensated for by (he sjiving in 
wages. 

4. When an oil-engine is well looked after the 
expenditure on repairs ought to be very small, but un¬ 
fortunately. it has so far figured very iindtdy in the 
cist of running mo.st of the stations we have started. 
This has been partly due to bad drivers and ])arlly due 
to the fact thfh the engines were overloaded. Where 
•the conditions were more favourable the result lias been 
very satisfactory and the bill for repairs almost nominal. 
The Vapouriser is the most vulnerable part and requires 
renewal from time to time. The cover at the back end 
is held on by studs and the practice of taking the 
cover off while the ns.ts are still hot generally results 
in the stripping of the threads and tlie necessity for 
new studs. Carelessness in clemming the hole, through 
which the oil is sprayed into the cylinder, ends in 
making it too large for the purpose and neV spraying 
plate-s or nipples fpquired. The plates themselves 
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are of very little value but there is considerable difiB- 
culty in drilling the exceedingly fine hole necessary 
for the successful working of the enf;iue and this makes 
them somewhat ex]iensive. Properly treated, however, 
the nipples should last for several years. These are the 
only sjwcial points about the wear and tear of an oil¬ 
engine. For the re.st it behave.s like any other machine 
well and solidly constructed. The cylinder is liable 
to slight w'ear, brasses have to to be renewed from time 
to time and the ]iuinp plunger wear? at the gland if 
the [jacking is not carefully' attended to. '[’he main 
]>arls are not sulyect to wear and tear and .) per cent, 
on the cijpilal value of an engine and piinij) should be 
an amjjle allowance to keeji them in [jerject working 
•order. 

Government are prej)ared to lend money 
under the Agricultural lmj>roveinenl Loans Act at (!{ 
per cent., and in calculating the charges for interest 
and de[irec ifitiou I have allowed 10 per cent.—.') per 
cent, for intcre.st and '> per cent, for depreciation. If 
the amount, allowed for depreciation he invested at 
[-.er cent., it [provides for the renewal of the engine at 
the end of 14i years. 

We may now frame an estim.ate of the cost of 
pumping water with oil-engines and pnm[is under what 
may he termed good working conditions. The instal¬ 
lation we will assume consists of a 7i h. p. oil-engine 
and a 4" pump and the maximum lift is 25 feet. This 
plant w?ll raise 18,000 gallons of water per hour and 
we will assume there is sufficient water available fo/ 12 
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hours running per day. The engine and pump will 
-cost in Madras lis. 2,()U0 and an allowance of Ks. 1,000 
will cover other charges connected with the installation 
making the total cost Rs. .3,000. Ten jier cent, for 
interest and depreciation will amount to Re. 300 per 
annum and per cent, for maintenance and repairs to 
Rs. 150 jwr annum, the two sums being e(|ual to a 
daily charge of Rs. 1-4-0. The engine will use three- 
fourths of a gallon of Ii(|uid fuel per hour or U gallons 
per day for which 3 annas jjer gallon may be allowed. 
The working expenses may therefore be tabulated as 
follows:— 

Per day. 

RH. A. I*. 

Fuel, 0 gallons at annas a gaiioQ ... 1 )J 0 

Driver at Rs. 1.‘> a month ... .. U HO 

Lamp and lubrrcatinj; oil, waste and 

Ktores ... ... ... H 0 

Interest and deprooiation 10 per (tent. ] ^ ^ 

Maintenance and repairs per cent. I 

making the total cost of working Rs. 3-1.5-0 per day. 
That is to say, if^we run the engine every day in the 
yair the daily cost will amount to Rs. 4, and obviously 
the daily cost will increase as the number of days in the 
year during which the engine is riotworked increases. If 
the engine is run on every day in the year, the working 
expenses will be Rs. 1,460 and for every day on which no 
work is done a saving of Ks. 3 is effected, so that if the 
engine runs on 200 days in the year, the daily cost of 
working will be as much as Its. ^-10-2. The quantity 
of water lifted per hour is 18,000 gallons 25 feet, 
equivalent to 72,000 cubic feel 1 foot or in thlc course 
of a' day to 864,000,cubic f?et I foot. 
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Many years ago on the Saiilapet Farm lengthy 
experiments on lifting water with cattle gave the cost 
of working as 4,000 <5ubic feet of water lifted 1 foot for 
1 anna. Uates are mneh higher now than they were 
then and it would certainly not be understating the 
case in favour of lifting water by means of cattle if we 
accept as the present cost 3,000 cubic feet lifted 1 
foot for 1 anna. I'nder the favourable circumstances 
we have detailed above, the engine and pu'np will lift 
13,,500 cubic feci. 1 foot for 1 anna, that is to say, the 
cost of working will be less than one-fourth the cost 
with cattle-power. If the engine worked on only 200 
days in llie year 9.(100 cubic feet would be lifted 1 foot 
for 1 anna and the cost of working would, be less than 
ene-third that with cattle-power. This method of sta¬ 
ting the cost of pumping is not a very convenient one 
and the more convenient unit might well be adopted in 
this country which has been adopted in America, viz., the 
(juaiitity of water rei|uired to cover aieacre of land to 
a depth of one foot. This is e(|ual to 43,560 cubic fee': 
or 272,250 gallons. An acre-foot of water lifted one 
foot is a convenient unit of work and on this basis the 
coat of lifting water per unit is A.s. 3-3 when the 
pump is worked on every day in the year and As. 4-6 
when it is only run on 200 days. The.se figures fairly 
represent what the cost of working should be and it 
will he interesting to compare them with the actual 
figures which have been obtained since these pumping 
experimeJta were first instituted. 

MdnBapumm ,—This station ^is fully described 
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in Halletin No. 54 of the Department of Agricnlture, 
Madras. The water-supply is drawn from the well by 
a 3-in. pump driven by a 34 li. p. enpne. With rep;ard 
to the cost of working the following are esiracts from 
the Bulletin:— 

“In 1903-1904 the pump was worked for 831 
houj\< at a cost of Ks. 74C-8-4. of which iiiuouiit it 
should he oliserved that no less than lis. 30(i is allowed 
for interest and depreciation. The cost per hour 
amounts to 14'3H annas and for that satn it may be 
apjiroxirnately assumed that 1.44(i cubic feet of water 
has been raised 25 feet. This is undoubtedly a very 
high rate. But it is mainly due to the viay small 
number of hcjurs during which the engine worked and 
the vgiy large number of times that it was .•tailed and- 
stop])eil. In all, the engine wa-- started 33 I times and 
tli“ average duration of each run was in conseipience 
only hours, so that the amount of fuel u.-ied in 
starting the engine was out of ail iirojiorlion to the 
amount of work done. This unsatisfactory result, 
however. lia.s a more pleasing aspect from the irriga¬ 
tor's point of view as the small iiiiuiher of hour., which 
it was ueces.sary to run the puin]) was due to the fact 
that the season as a whole was an e.vireniely faumrable 
one and the assistanee of the pump was only reijuired 
to a very moderate extent. 

“In 1904-1905 the condition* were materially 
different. The rainfall throughout the year was 
slight, the north-east monsoon was a 'complete 
failure and it was peeessary to withdraw from the well 
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all the water that could possibly be obtained. The 
engine was started .'568 times and ran for 2,074 hours, 
giving an average of ,'}‘65 hours fur each run. The 
working expenses amounted to Rs. 1,088-1-10 equiva¬ 
lent to S'.'JO annas per hour. Tliis is a very material 
reduction upon the figures for the previous year, but 
it is by no meiins satisfactory and it should yet be 
possible to materially reduce the-n. 

“ In lOO.I—loot the consumption of oil amount¬ 
ed to 780 gallons or ()'!)i.'5 gallons per hour. In 
10114—1,0!)1 gallons of oil were required to run 
the engine 2074 hours, giving an average consurnj>- 
tioti of 0'&l;j gallons per hour. Duiing the first year 
pr.actically nothing but kerosine oil was .used ; but in 
•-lilOd-l80j, 728 gallons of liquid fuel costing S'l.'i 
annas |ier gallon were mixed with !)63 gallons of 
keiosine oil costing 6'7 annas per gallon. An oil¬ 
engine which develo))s Si h.p. with kerosine oil can¬ 
not be recKoned to be of more than h.p. with liquid 
fuel and it unfortunately hajipens that the power 
re( 4 uired to drive the centrifugal puinji at Melrosa- 
purara when the water is low in the well is fully 3i 
h. 1 )., so that liquid fuel by itself cannot be used. If 
liquid fuel alone had been used, there would have been 
a saving ofEs. 213 in the coM; of fuel and the cost of 
working the engine per hour would have been reduced 
to 6‘75 anna-s.” * 

11^1905- 1906 the season was an extremely un¬ 
favourable one owing to the total failure of the north¬ 
east monsoon, and the yield o& water in .luly and 
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August, ] 905 fell to not more than about 20,000 
gallons per day. The engine was run for 944 hours 
on an average lift of 27^ feet and the working expenses 
amounted to Rs. 822-9-8 equal to As. 13-11 per hour 
made up as follows:— 

Ks. A. p. 

Oil ... ... .305 0 8 

Driver's wages ... ... 72 0 0 

Kej)airs ... ... 14.'i 9 0 

Interest and depreciation \ , . 

at 124 j)er cent. J 


Total ... 822 9 8 


From these figures the final result arrived at is" 
that in 1903-1904 the cost of lifting one acre-foot 
one foot was Rs. 1-1-5, in 1904-1905. As. 10-2 and in 
1905-1906, As 15-4. The conditions at Melrosapuram 
are such that the cost of pam])ing must necessarily 
aVways be extremely high. In the hot weather 
months, the supply of water is very limifed and the 
engine seldom works more than 2 or 3 hours a day. 
It would be useless therefore to compare the cost of 
lifting water by the engine and piirap, under the.se 
circuxnst.ances, with the »cost of lifting it by cattle 
working at a uniform rate, hut it is quite certain that 
if cattle had to be employed at«.VIelro.sapuram to do 
the work which was done by the engine and pump, 
the cost would be very much greater and quitS beyond 
the means of the se^^tlement. 
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Affrimlfural GoUegt, Saida,pet .—This installation 
consists of a h.p. engine and a 4" putnp and was 
intended to work on a roaxiinuin litt of 25 feet. 
Unfortanately, owing to the nnprecedently low rainfall 
and probably also to the effect of pumping from the 
river, the Tnnxitnum lift in August, 19().>. was over 30 
feet. In consequence, the engine work*-d very unsatis¬ 
factorily and finally an accident hajqiened, due partly 
to the carelessness of the driver and partly to 
the fact that the engine was overlaaded, which 
necessitated very e.xpensive repairs. I'nder the.se 
circumstances good results couhl hardly be expected. 
The engine worked for 1,820 hours on 202 days 
and lifted 23,379,000 gallons of watei* an average 
height of 24 feet. This is eipiivalent to 2,0(1] acie- 
feet lifteil one foot. The total cost of running the 
engine, inclmling repairs and interest and deiwcia- 
tmn, was Ks. 1.345-8-7 equal to As. 10-G per acre- 
foot fool. K.Kcluding re])airs caused by the necessity 
of having to run the engine at a much higher lift than 
it was designed to work against, the total expenditure 
was Ks. 748 eciuivalenl to As. 0-9 ]ier acre-foot foot. 
This result was obtained using part of the time liquid 
fuel and part of the time, kerosine oil. 770 gallons of 
liquid fuel costing Its. I (1.3 and GOO gallons of kerosine 
oil costing 11s. 170-0-0 were used. If we exclude the 
abnormal repairs ftie result shows fairly what can be 
done witjK oil-engines and pumps and justifies the 
claim that the cost of working is less than half the 
beat result that can be obtained with cattle. 
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M. R. Ry. S. PuMlnravga Mwhiliar's Imtallation, 
Giiddalore. —The water-supply is derived from two 
wells coupled together, at the bottom of which tubes 
have been sunk which tap a sub-artesian supply. From 
the figures furnished me by the owner I find that he 
ran the h.p. engine for 91.') hours and lifted 1,200 
cubic feet per hour an average height of 27 feet. The 
total working expenses amounted to Ks. .372-7-0 
equivalent to fii annas per hour which gives the cost 
of lifting water at As. 8-10 per acre-foot foot. In the 
latter part of the year a 9i h.p. engine driving a 4® 
pum)> was substituted for the smaller plant and the 
same ran for 040 hours lifting .3,000 cubic feet per 
hour .an average height of 27 feet. The working 
expenses amounted to Rs. 178 or practically 12 annas 
per hour and the cost of lifting one acre-foot foot wa.s 
As. 6-0. This installation is entirely in the hands of 
a ]>rivate owner and it will he difficult to \Hry material¬ 
ly improve upon the final re.sult. 

PanamjMttv Punipin/j Slatioii. —The accounts 
for this station are only available from Angiist, 190.') to 
Afarch, 1906, or for the 8 months during wliicli time it 
was worked by Messrs. Parry it (to. The installation 
consists of a 9 h. p. engine and a li" jmini), lifting 
water from a large well, the lift varying at different 
seasons of the year from ajwut 11 feet to ! 8 feet. 
During the 8 months the engine was worked 813 hours 
and lifted, 3,93.'),000 cubic feet of water ar average 
hqight of 13'37 feet. This iseijuivalent to 1,243 acre- 
feet lifted one foot.' The working expenBe.s amounted 
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to Its. .•{82 and tho f'larsjes on account of interest 
depreciation Its. 333. The cost of liftini; one acre-foot 
one foot was therefore As. 9-3. The small number of 
hours ttie pump worked was mainly due to the unde¬ 
veloped .state of the cultivation, but also partly to the 
favourable rainfall during 4 months out of the 8. 

Kndi-ainpatii .—The plant here consists of a (iA- 
h. p. engine and a 4" pump drawing water from a well, 
partly fcil iiy percolation from the surrounding strata, 
but mainly suiiplied with water from a small stream 
draining a valley on the western Hanks of theShevaroy 
Hills. The installation lielongs to (Jovernment who 
have lent it to .Mr. Andersen, a retired Danish Mis¬ 
sionary, who has settled in that neighbourhood. The 
engine and pum|) worked on 272 days for 1,877 hours 
and liftedi ;),400,00() cubic feet of water to an 
■iverage iieigbl of 20 feet. During the hot weather the 
supply of Wf'.ter ran very short, whilst ip the monsoon 
ll^onth^ the ground wanted but little water. Th’ 
work done by the pump was 2,486 acre-feet feet and 
the working expenses amounted to Ks. 739, together 
with ID. 37.5 charges for interest and depreciation. 
The Cost of lifting waterwas therefore As. 7-2 per acre- 
foot foot. , 

CoimbeUwe Jail .—The plant here, which was 
taken o'.'er from t^e Public Works Department, consists 
of a Ruston Proctor Oil-engine driving a pair of plung¬ 
er pumpsa»The engine will not work with liquid fuel and 
the water is raised from a deep rectangular excavation 
in the rock, characteristic of welfs fn the Coimbatore 
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diHrict. 859,000 c. ft. of water were lifted to a)> average 
height of 62 feet in 1.630 hours. The working expens¬ 
es amounted to Rs. 727, and the interest and mainten¬ 
ance charge.s to Ks. 663, the capital outlay being 
Rs. 5,304. The work done was equal to 1,222 acre-feet 
feet and the total expenditure Rs. 1,390, making the 
cost of working Rs. 1-2-6 j)er unit. With so high a 
lift far more favourable results might have been ex¬ 
pected, but the quantity of water to he dealt with is 
limited and the in.stallntion is saddled not only with 
heavy interest charges, but it is compelled to use 
kerosine oil, the cost of which amounted to Rs. 190 
The results obtained from these six j)nmj)ing 
stations, which are all from which fairly accurate 
figures are jirocurable, are tyjiical of the rest and illus¬ 
trate how much more expensive pumjiing water for 
irrigation actually works out than would be the case if 
the supply were inexhaustible and the demand contin- 
pous. It really matters little how these figures com¬ 
pare with the cost of lifting water by men or cattle. 
The oil-engine and pump do work which has never 
been attempted with cattle aud utilises, to an extent 
absolutely unknown i>reviously, the ijuantity of water 
available for irrigation.^ 



CHAPTEK XI. 


FLOW OF WATER IN SAND. 

A few inche.s, or at the. utmost a few feet, belonr 
the surface of the sand, wfiich fills the beds of most of 
our rivers, water will be found and below the line of 
saturation every cubic foot of sand contains two 
gallons of water or a little more. When we consider the 
aggregate area of all the river-hed.'. and the depth of 
sand which they contain, it is evident that they 
constitute an enerinous reservoir of water from which 
if is jwssihle hir^'e (juantities may be obbiined, if only 
suitfible methods for withdrawing the water from sand 
are em))loyed. It is generally assumed that, when alt 
visible flow of water has ceased dow'n a river-bed, there 
is still a slow underground flow whiclt carries off to 
the sea .a very large (juantity of water which would be 
of great vakio if only it could be intercepted. 

The dry beds of Indian rivers have, however 
received but little attention from Engineers, and it is 
only when the water-supply for a town has to be 
drawn from them that they havei evoked any interest. 
A cubit foot a second is equivalent to .)40,000 gallons 
per day, and none,of the towns in the .south of India 
which derive their water-supply from river beds require 
more Ihan^ or !i cubic feet per second, and it would 
seem that if there is any flow of wajer at all througfi 
the sand of an Indian liver-bed, there should be no 
12 
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difficulty in obtaining this quantity of water. Yet, as 
a matter of fact, experience has shown that the welts 
have to be numerous or the intercepting galleries of very 
considerable extent, and that at times the quantity of 
water flowing into these strangely falls off. From most 
sandy rivers the ryots in the hot weather obtain water for 
irrigation by means of what are known as sjuing chan¬ 
nels, and the study of this ingenious method of 
irrigation, leads me to think that our idea-s regarding 
the movement of water beneath the sand in our river¬ 
beds rajuire revision. 

The spring channel is a ditch which is made to 
run up-stream at a .slope considerably less than that of 
the river-bed. At (ir.st it rims through dry sand till it 
reaches the level .at which the water is standing in the 
river. Thence onward its bed is below the water-level 
and water from the sui iouiidiiig sand trickles into the 
channel and llovs downward. At some point the water 
•In the channel begins to rise above the level of the 
water in the river, and thence onward, it flows back 
into the sand and would continue so to flow, were it 
not that, after a time, the sand liecoines .saturated with 
water and the flow from above p,xsses onward, till final¬ 
ly, it reaches the river, bank through which it passes in 
an open cut. Now, if water flowed readily or even very 
slowly through sand, so great is the length of these 
spring channels that it is certain the water which drain¬ 
ed into the upper section of the channel whuld disap¬ 
pear by percolation in the lower section ; but, as a 
matter of fact, it does not do so. Water can only flow 
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in snnd when the liydmiilie gradient of the water Bor- 
face id sufficient to overcome the resistanee to the flow 
of water offered by the sand. The surface fall of moBt 
South Indian rivers is below 15 feet a mile or roughly 
one in three hundred and is frequently less than Ct feet 
a mile or one in a thousand, if water flowed through 
the sand it would rise to the surface in the lower 
reaches of the river, but this it lioes not do. Prac¬ 
tically everywhere the water is about the same 
average dejith below the surface of the s.and and lies 
exposed where the sand is l)elow the level of the water 
plane. The iiiqier reach of a spring channel is continu¬ 
ally pouring water into the lower reach, and when the 
sand in the neighbourhood of that cutting has received 
a certain amount of water, it can take no more and the 
whole supply can be pas.sed into the channel through 
the bank, t'ross sections taken on the Palar river 
have verified tliis completely. Where t^ie .spring chan¬ 
nel was in deep cutting and water was percolating into 
the channel, the slope of the water to the level in the 
channel was 1 in 2-')0. Similarly in ciuss sections lower 
down where the water-level in the channel was above that 
ofthe river, the slope was about 1 in 2.)0 away fr<)m the 
chfinnel. That is to say, the wijfcer in the lower half of 
the spring channel is carried njron an embankment 
and this embankment is formed, ber-au-se, when the 
slopes reach a gra(tient 1 in 250, the water is unable 
to move through the sand. This, I think, may be 
taken tlierefore as conclusive evidence that water dots 
not move down the sandy beds of rivers unless the 
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slope of the sand is greater than that of the bydranlie 
gradient necessary to make the water move. The 
question will then be asked what becomes of that 
quantity of water which undoubtedly is disimed of in 
some way or other in the river-beds during the hot 
weather when visible flow ceases. As an exiim))le we 
may take the Canvery, down the bed of which we have 
certain evidence that a considerable (|uantity of water 
passes, since it comes under observation at the Power 
fltation at .Sivasamudram. Some of this water is 
evaporated from the sand, some of it is drawn off by 
spring channels hut the bulk of it ])robahly jiasses down 
the river from pool to pool. 

(.ienerally in the deep bed of a river there are a 
series of pools in which the water is ajiiiarenlly standing. 
Each pool is a level sheet of w'aler and between sncces- 
sive pcsfls there is often a considerable fall. AVhere 
the slope exeeei^sthe hydraulic gradient at. which water 
vill move in sand, there must be a flow from the 
upper jjool to the lower pool. In this way umiue.stion- 
ably large quantities of water may Im' passed down a . 
river in the hot weather. The moving w'ater is con¬ 
fined to the pools and to little cascades in the sand 
which sejiarates jkm)1 from pool. The great bulk of tbe 
water stored in the sand remains motionless and it can 
only be drawn ujion by ereiiting artificial hydraulic 
gnidients sufficiently steep to cause the water to move. 
This is done whenever a well is sunk in the,river and 
water baled out of it, or < when an intercepting 
gallery is placed tft wme considerable depth below the 
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water-level in the river from which the water is lifted 
by means of pumps. 

Accepting the fact that water does not move down 
a river-bed except in the way described, it becomes 
jjossible to determine with a fair approach to accuracy 
the quantity of water available at any one point, assum¬ 
ing tliat it is not sujijdemented by drainage from 
visible pools. If a well be sunk into tbe sand of the 
river-bed and the water-level lowered by pumping, a 
cone-shaj)e(l mass of sand will he drained of water, the 
vertical axis of which will be the well, round which the 
cone will he described by the revolution of a line inclin¬ 
ed at tlie limiting hy<1raulic gradient at which the 
water will How in the sand. If the well* be of small 
diameter the real vertex of the cone will be consider¬ 
ably above the level to which the water will be reduced 
by puinpiiig, owing to the hydraulic gradient being 
steej)er in the mdghhourhood of the weft. This is due 
to the greater pressure necessary to (»iu3e the water to^ 
move through the gradually decreasing area of sand 
round the well. It will be convenient to give one or 
two esit,m])lcs to show the (|UttTitity of water which can 
be obtiiined from a river-bed under what may be consi¬ 
dered average conditions : 

(1) Sup^rose a well is sunk in a river-bed and 
arrangements made so that the vertex of the cone of 
depre.ssion is 10 feet below the static water-level in 
the sand, ^hen assuming that the hydraulic gradient 
is 1 in 250, the cone of depression will intersect the 
water surface in an ellipse and the * volume of sand 
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involved will be 53 million cubic feet and the water- 
content about 100 million prallons or sufficient to 
supply a cubic foot per second for over sis months. 
'VlTien pumping first commences the inflow to the well 
will be rapid, as the hydraulic gradients artificially set 
up in the sand outside the well will be steep, but as 
the volume of sand becomes drained of water, the gra¬ 
dients will become flatter and the flow slower, and ul¬ 
timately it will cease when the limiting gradient is 
reached. It should be remembered that, for the full 
development of the cone of depression, the bed of sand 
must be 5,00(1 feet wide or ai)proximately a mile. 

(3) If, insteitd of sinking the well in the middle 
of the river-Jbed, a cuhert or intercepting drain were 
run across it at right angles, the volurne of sand 
which could ultimately be drained of water would not 
be greatly different as, instead of th** cone, we should 
have an inverted triangular prism, the volume, which 
on the same assumptions would be 8.1 million cubic 
Veet, yielding about 170 million gallons of w.ater, 
that is to say, the enormously great ex{>enditnre 
entailed by the construction of the culvert would not 
]»roduce twice as much water, hut it would very mate¬ 
rially affect the rate at which the water could be drain¬ 
ed from the sand. 

These two examples show' that there is no neces¬ 
sity for the water in the sand to he moving to account 
for the large quantities which we can wit{>draw and 
ithich we actually do withdrainr for the water-supply 
of towns like Mattura, Trichino))oly and Conjeeveram. 
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It should also not be forgotten that the rain which 
falls on a sandy river-bed is all absorbed by the 
sand and the major portion of it becomes at once avail¬ 
able. 

So far as T know, experiments liave not been made 
to determine whether there is any loss of the under¬ 
ground water by evajK^ralion from a sandy bed. If 
there is any at all, it is probably very small and not 
comparable with the loss of water from an exposed 
surface. 

It is unfortunate that we must accept the conclu¬ 
sion that there is no subterranean flow of water in sand, 
as it necessarily re^^lu•e^ enormously the volume of 
water which can be ohtiiined at any one»given point. 
•It is well, however, that we sliould have clear ideas on 
the subject and that our attention should lie drawn to 
ver>' large volumes of water which are actually availa¬ 
ble and which can be made use of, if only satisfactory 
methods are devised for separating Ihf water from the 
sand. For the w.ater-supjily of towns the question pre¬ 
sents no (lilFiculty, as money can be found for the neces¬ 
sary works, but if the water is to be used for irrigation it 
is quite a different matter. A cubic foot per second will 
irrigate from 100 to l.oO acres of garden crop, and at 
the most the cultivators wdll dot be able to pay, under 
favourable conditions, more than abont Rs. .“i.OOO a year 
for the same, an(> of this sum a considerable amount— 
probably half—will be absorbed by the pumping 
expenses so that not more than Rs. 2,500 will be 
available to meet the interest cbwges and upkeep of 
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the infiltration works. This is not a large sum when one 
considers that as a rule the works will have to be 
constructed to resist the action of hejivy floods and 
must therefore be of a permanent and very substantial 
character. 

One very important result arises from the deter¬ 
mination of the fact that water does not flow beneath 
the. sand of the river-bed. If we know the minimum 
hydraulic gradient at which water will flow in the sand, 
then it become.s an extremely simple matter to deter¬ 
mine the areas from which water has been drawn by 
spring channels, wells or intercepting culverts in the 
}>ast, and new works can be designed for the with¬ 
drawal of furtflier (|uantities of water from rivers with¬ 
out interfering in any way with the existing water* 
rights. (Jbviously, since the water does not How down 
the river, new jiumping <tations may be erected above 
those already in existence without interfering with 
their supply, ))rovided that care is taken to place them 
sufficiently far apart, so that the areas affected by the 
depression in the water-level at tlie puiiijiing stations 
do not overlap. This of course must lie modified to 
some extent by the fact that these areas will in some 
instances get their water-supply {lartially or wholly 
replenished by the watef travelling down the deep bed 
of the river from pool to jiool. 
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WELL-BORING. 

When the construction of a well is undertaken 
there is almost always some uncertainty re^jardijig the 
volume of the water-supply that will lie obtained. This 
is due to the fact that what lies lielow the surface of 
the ground is always more or less a matter of conjecture. 
In some cases our know'ledge of the subsoil is sufficient 
to render the risks of well-sinking of no practical 
importance, but in the majority of cases it is other¬ 
wise, and a preliminarj' examination of the ground, if 
it can he made at comjiaratively small expense, is of 
rflistinct advantage. This can be done by boring or 
jumping a hole of small diameter to such depth as is 
necessary with the aid of specially constructed tools. 
The material removed from the hole affords informa¬ 
tion as to the nature of the strata through whicli the 
well will (lass, and this information studied in tlvs 
light of the exjiericnce which has accumulated from 
the sinking of many thousands of wells, enables us to 
form a fairly accurate idea as to the ijuantity of the 
water likely to be obtained. Where the subsoil is soft 
or sandy, the hole must be provided with an iron liner 
to jirev-'ot it from filling up as fast as it is made, but 
where the hole is jn stiff clay or rock, the lioring work 
can be <loiie without any such artificial support-. 

In a^rief note it is impossible to describe in 
detail the hwls employed, but it is not difficult to 
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explain the principle upon which they work. Just a^ 
a bole is bored in wood by means of an auger or bit, 
so through the soft strata of alluvial deposits holes can 
be driven by similar tools of much larger dimensions. 
As the anger consists of a handle, a shank and the 
cutting edge, so the boring tools are similarly con¬ 
structed. Various ty^ies of auger head are used and 
these can be screwed to .steel rods which are usually 
10 feet long, and as many as are necessary are employed 
to reach from the surface of the ground to the bottom 
of the l^re hole. At the top there is a swivel head 
by which the reals can be lifted and the handle' of the 
auger is formed by clamping iron levers to the- boring 
rexi at a convenient height above the groeind, se) that 
men by walking reiund in a circle '-an reetate the' auger 
When the material to be bored through is fairly stiff, 
the auger take.s the form of a worm or an eipen shell, 
and from time to time it has to be lilted from the hole 
to remove the olay which has gradually worked into 
it. When the soil is of a loose character the auger 
has to be fitted with a shell above to hold the 
material removed by the cutting edge, otheraise it 
will fall back into the hole whilst lifting the .auger 
to clean it. These shell augers are fitted with 
various shapes of cutting edges depending u])on the 
nature of the material to be removed, which may 
vary from fine sand to soft sandskme. When hard 
rock ha.s to be pierced rotary tools worked by hand 
are not effective, as the speed of working is* too slow 
aud recourse must be had to the percussive action of 
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vnriuusiy Huapeu chisels for the breaking of the rock. 
The chisel is attached to the boring rods and a heavy 
blow is gi\ en by lifting them a few inches and allow¬ 
ing them to drop. Care must be taken to slowly 
turn the boring rods so that each blow of the chisel 
falls on a diflferent diameter in the borehole. When 
the chisel has jmlverized a sufficient quaiitity of rock, it 
is withdrawn from the hole and a plain shell lowered 
which collects the inuil when it is rapidly jerked up 
and down in tlie w’ater at the bottom of the hole. To 
work a set of boring tools it is necessary to have a 
derrick which may be conveniently made of 4 casunrina 
poles about 2.) feet long. At the toji of the derrick is 
fastened a pulley over which the lifting rojie passes 
’from the swivel head to the winch. This latter may be 
attached to two legs of the derrick and should have a 
lifting ciij»ai'ily of at least 2 tons. Besides the chisels 
and augers there is a great variety of tools which can be 
att.iched to the boring rods, most of wh*eh are ingenious 
devices for removing broken tools from the hole. * 
As the bole proceeds through soft material, lining 
tubes must descend with it and this is usually effected 
by rotating them, their own weight being sufficient to 
make them descend. If the pipes stick badly a suitable 
ca[) must be placed on the tojj and the methods com¬ 
monly employed in pile driving resorted to. If the lining 
tube has to jiass through a layer of stiff clay, the work is 
often Ciqjjitated by rymeriug the hole bored out by the 
auger to a larger size. If it is not intended to bore 
holes to a greater depth than .'50 feet, a set of tools. 
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working in a 3-inch liner, will be a convenient size to 
employ; but if the holes are to run to a depth of 100 
feet or more, the diameter of the lining tube should be 
at least 4 inches. Where it is known that artesian or 
sub-artesian water exists it is necessary to use pipes 
of much largo diameter if it is desired to obtain an 
abundant supply of water. 

Well-lwring has l>een (levelo()ec1 in the French 
territory of Pondicherry much more extensively than 
in any ]>art of the .Madras J’residency, and it is ]iossibie 
to procure sets of boring tools from the blacksmiths in 
Pondicherry at very reasonable rates. They do not 
however, su)>ply the tools necessary for withdrawing the 
lining pipes ; iid the sets are therefore not convenient 
for exploratory work, as in such work the lining tubes 
are usually removeil from the holt's as soon as the 
necessary inforinati'ja has been obtained. Messrs. Burn 
and of Howrah supply suitable sets of tools. A set 
with lining tubes to bore a hole to a depth of .'id feet 
costs about Its. 700, delivered in JIadras, whilst a 4- 
inch set of tools with lining pijtes costs about 
Rs. 1,100. Considerable experience is required to 
make satisfactory use of a set of boring tools, and diffi¬ 
culties and obstructions fre<|uently occur which can 
only be ilealt with by men accustomed to such work. 
In boring, the tools are subjected to rough usage and 
repairs are frequently found necess.vry. It is there¬ 
fore desirable to have a fair number of duplicate parts 
so that the work of boring need not be stopped while 
repairs are being effected. 



M-ELL-HORraG. 1«» 

The coat of boring variea conaiderably, depending 
not only u])on the diameter of the borehole and ite 
depth, but alao upon the character of the aoila or rocks 
pierced. In the alluvial deposits along the coast in 
the Chingleput District where some 400 boreholes 
have been put down, the average coat for a 3-inch 
borehole is about 4 annas a foot uji to a depth of 20 
feet, thence on to 40 feet it coats C annas a foot and 
beyond that n|> to (iO feet, 12 annas a feet; from 00 to 
70 feet the cost is Ue. 1 a foot and from 70 to 80 feet, 
Rs. 1-1-0 a foot. Ileyond this depth only a few boring 
have been made and the cost of the w'ork done has varied 
considerably. These rates it should he jtointed out do 
not include the cost of canying the tools fr*m one place 
to another. This is a small item when many holes are 
to be put down in one neighbourhood hut becomes of 
importance when the tools have to be carried a long 
distance to bore a single hole. 

The ])rincipal sources from whi(!li subterranean 
water can be derived are beds of sand, and rock whicil 
is highly fissured or jrartially decomposed. Ry putting 
down a borehole information on these jroints can be 
obtained and the exact depth at which the water-bearing 
strata is met with can be easily determined or its ab¬ 
sence definitely ascertained. Sometimes in fissures the 
water exists under pressure and a borehole from the 
bottom of an existing well tapping a fissure will often 
deliver considerable quantities of water into the well 
from whicti it can be removed either by baling or by 
pumping. Along certain prirts of thejDoast, beds of sand 
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are foDnd enclosed between impervious beds of clay. 
Some of these are of considerable extent and thickness 
and they contain water under pressure. Boreholes pene¬ 
trating the upper im]>ervious layer enable the water to 
rise to its static level and, when this is above the ground, 
flow takes place and the supply is termed artesian. 
More frequently the static level is below ground level 
and the water can only be obtained by sinking a well 
round the borehole to a few feet below the static level. 
Water will then flow into the well and can be removed 
by baling or pumping. If the borehole is made suftici- 
ently large a suction pipe, or pump may he put down the 
hole and the water drawn oH" hy lowering the static 
level in the borehole itself. Ordinarily, however, bor¬ 
ings do not jienetrate artesian basins, and the character 
of the water-supply likely to Ik* derived from sinking a 
well must he deter-nnined by an examination of the 
materials through which the borehole has j)a.s.sed. Grav¬ 
els usually yield water most abundanlly, fh<’n coar'-e 
sand and lastly line sand. When the sand is coarse, or 
the water su|)ply is derived from gravel, a well of small 
diameter will generally yield a large qu.'intity of water, 
but when the sand is very tine, a well of large clianieter 
is refjuired to obtain a large sujiply of water and that 
again is only po.ssible when the bed of .sand is of consid¬ 
erable thickness. When the borehole has passed 
through rock and the chisels have to he used, no very 
definite information can be gained from an exf’mination 
of the nnaterial brought out ftf the borehole, hut by 
.putting a tube welt pumjt down the borehole, and ex- 
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hansting the water we can ascertain the rate of the 
inflow from the surroniiding rock into the. borehole 
■ under a given pressure. Apart from fissures this enables 
a rough estimate to be formeil as to the water-yielding 
capacity of the rock. 

The ex])erience so far gained in the south of India 
is undoubtedly to the effect that large supjilies of water 
are generally only to be obtained from beds of sand or 
gravel hut occasionally wells in fissured rock yield an 
ahandant supply of water, whilst percolation wells in 
]M>rous or decotnposeil rock seldom yield more than 
moderate ipiantities of water. That is to say, they may 
yield 3000 or 4(>00 gallons of water per hour, hut not 
,10,000 or 13,000. So far the largest supply of water 
derived from any single well in the south of India is 
15,000 gallons per hour. This is not however the 
limit of the capacdty of the well but that of the pump 
working »n it. During the last year O'! two, oil-engines 
and pumps have been installexl in many places to lijt 
water for irrigation anil the size most commonly em¬ 
ployed is a 4" jiump which will deliver sufficient water 
foi- from 20 to 25 acres. This is eijuivalent to from 
18,000 to 20,000 gallons of water per hour, and al¬ 
though there are few indigeno^js wells which will yield 
this upply, it has not been found difficult to obtain it 
from wells sunkqfter a preliminary investigation of the 
ground has been made by the use of boring tools. There 
is unJolttitedly a vast amount of subterranean water 
which has never yet been made use of and to locate it 
definitely boring tools must be lye?!. 
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STEAM PUMPS IN THE KISTNA DELTA- 

In 1892, when the es{)eriments which fonn the 
subject of this paper were started, the area under the 
Kistna Della irrigation prrject had reached the limit 
contemplated in the completion e<timates, and there 
still remained an enormous area of land commanded by 
the canals, for the in-igation of which it was thought 
that no certain su])|)ly of water could be obtained from 
the Kistna. Most of this land is w.aste and without 
water is valueless ; but with irrigation it is capable of 
yielding valuable*paddy crojis. It therefore, became 
desirable to examine other jmssible sources of water- 
supply, to ascertain if it «’as feasible to make use of any 
of them, either ty su])plement the How into t'le canals 
when the river was low. or for the irrigation of small 
areas independently of the great delta system. The 
first step in 'this direction was to suggest that the 
waters of .the river Upputeru, w hich forms the outlet 
for the drainage p.assing into Colair Llike and whi(!h 
sejjarateitthe Godavarrf|;nin the Kistna delta, might 
be utilized for the irrigation of the tract of low- 
lying flat country which extend-s for sfvgral miles from 
the left bank between the villages of Kondangi 
and Pedalanka. The river is tidal, with a rise'and fall 
of 'about 3 feet, and levels subsef|uently taken showed 
that the whole of tliis plain was fn>m 1 to .3 feet 
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above bigh tide level and that to irrigate it would not 
entail lifting the water an average of more than G feet. 
.The scheme was investigated and projtosjils submitted 
for carrying it out; hut, as the jiroject was a novel 
one and there were no reliable data on which to form 
an estimate of the quantity of water which it would be 
necessary to putiqi, itwjis suggested that an exjteriinent 
should first he made to determine the suitablity of the 
land for cultivation, and of the water for irriga¬ 
tion, also to obtain information as to the duty which 
might be expected from the water. A tidal lock 
ywas then under construction at l.akshimaparam 
to connect tlie IVintumilly canal with tlie river 
llpputeru, and as the foundations were' completed, 
ttiere was available close, at hand a 1 h. p. (nominal) 
portiible engine with which the experiment could be 
marie. After some delay an estimate was sanctioned. 
The site selected for the exijerimental cultivation was 
near the village of Mattagunta, where two ryots were^ 
found with sufficient enterprise to construct the neces¬ 
sary earthworks, jirovided they were allow'ed to culti¬ 
vate 15(1 acres and were charged no water-rate. An 
8-inch centrifugal pump was procured, and before 
finally fixing it in position it was temporarily set up at 
lAikshimapnram for the purpos*e of measuring the 
rprantity of water which it would discharge. A long, 
straight trench, of tftiiform width, had been dug on 
the site of ^e future approach channel to the lock, 
and after the sides had been carefully sectioned and> 
gauges fixed at each end, it was suitaWe for measuring 
13 
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the water coining from the pump. The experiments 
were made by pumping for a certain number of 
minutes, noting the boiler pressure, which was kept 
constant, the height the water was lifted, and the rise 
of the water level on the gauges in the trench; then, 
from the dimensions of the trench, the number of 
cubic feet of water delivered per second could be calcu¬ 
lated. 

Table ]. is a summary of the results. 

Taiile. 1. 


— 

I. 

11 . 

III. 

Jli 

V. 

fioeed ofeneino' 



74 

ri4 

02 


reToliitions - 
per minute 

... 

V) 

) Not 
(taken. 




Speed oCpniup 

... 

37.'i 

370 

320 

410 


Boilerpressure 







Ib. per eqnere 


.17 

;»2 

'M5;i 

-0 

.•2 


inch 



' 




Liftof fraterio 
feet 

... 

.UK) 

.11X3 

■)-70 

.1-67 

fi-02 

Velume pump¬ 
ed in cttinc feet 

... 

3,300 

i2,2Wi 

.•t,ai7 

3,870 

572 

Dantion of 1 
run in minutes j 

20 

! 1-1 

30 

2.1 

a 

Discharge in 
cubic feet per 








2-7.1 

2-.12 

VSl 

2-.18 

l-9«i 

second 








Subsequently at Mattagunta the engine was worked 
with a boiler pressure of 45*lb. per sriuare inch, and as 
the average lift did not exceed .'5 feet it may be assumed 
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without any great amount of error that the discharge of 
the pump wiis about 2'0 cubic feet per second. As soon 
as these trials were completed, the engine and pump 
were taken to Mattngunta and pnnijting was started'on 
the 21st July and carried on whenever water was wanted 
till the loth of Octoljer, after which date there was very 
heavy rain and the river rose .-ind Hooded the area 
under cultivation to a depth of ahoot 2 feet, which 
rendered any further ])umping unnecessary. In Table 
II. is given a summary of the season’s work. 

Taw.e II. 


Month, 


Total Duinbcr 
j of hours 
I of pumping 


I Average die- Duty of water 
leharge of pump in acres 
j in cubic feet '^r cubic foot 
I per second. per second. 


July 21-,‘}1 

I30-.') : 

o-oa 

( 1-10... 
j 

44-.'> ; 

0-37 

August •( 11-20... 

1 

91-0 

0-70 

! ... 

iV) 0 ; 

0-42 

i MO... 

j 

1380 ; 

115 

Sept. 1 

•j 11--20... 

1 

SH-O I 

0 78 

121-30... 

«10 

0-.51 

October 1-10 ... 

804) 

* 0-87 

.. _ _ _ _ 

.. -- 

_ 


la-r.-! 

XUH) 


2?l5v 

1080 

159-5 

213-7 

) 8 r )-6 


The area cultivated was carefully surveyed and 
found to be i 24*34 acres, and after the crop was cut 
in December, it was weighed and the yield proved to be 
35 tons 874 lb. of thrashed paddy and 39 toqs 1,8871b.* 
of straw, and was valued at Bs. 1^8lf5. This was ‘k 
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poor result and was mainly due to tlie late date of 
starting pumping, and to the fact that the ryots, who 
had never seen an engine or pumj) before, were every 
sceptical abont the exi>eriment and made no prepara¬ 
tions for cultivation till they had seen what the ]mm]i 
could do. 

It was therefore the end of Augiist, before trans¬ 
planting was well in hand and by that time the seed¬ 
lings, many of which harl been jirocured from seed¬ 
beds under the delta canals, were too old to produce 
good sturdy plants; 7noreover, the land occupied had 
never been cnltivateil before and it is well ]iro7ed hy 
the exi>erience on similar lamb under some of the 
delta channels that the lirst crop is always the worst 
and that in each succeeding year it improves till a limit 
is reached depending on the natural fertility of the 
soil and the amount of manure useil. The experi¬ 
ment, therefore, was inconclusive, the conditions under 
which it was carried out were distinctly unfavourable, 
and the character of the season so unusual that no data 
of any value were obtained as to the (juantity of water 
reijuired for irrigation. The ryots, however, were very 
pleased with the result, and as it was desirable that 
the experiment shonl i be rejieated the following arrange¬ 
ments were made witli them. That the experiment 
should be again made next year on a much larger area 
and that all the expenses connected with it should be 
borne by (rovemment, but^ that the ryots should pay 
.water-rate and land-cess fur the area they cultivated as 
they would have done had the water been supplied from 
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the delta channels. Accordingly, in 1893, a 12 h.p. 
portable engine, as well as the 4 h.p. portable engine 
used in the previous year, were to have been sent down 
from the Bezwada Workshops at soon as the canals 
opened in June, but unfortunately, owing to pressure 
of work in the sho[)s, the engines were not delivered 
till the end of the month and much valuable time 
was lost. The 4 h.p. engine was replaced in 
its old position and was arranged to drive one 
S-inch centrifugal piuii)* whilst the 12 h.p. engine 
^was filteil up with two large jiulleys, one on each 
side, to drive two 8-inch pumps, which were 
the largest size available. The pumps were mounted 
(jn stout wooden frames, jdaced across inlet trenches 
from the river. As the lift was small, no delivery 
pipes were used, but on the top llanges of the pumps 
a wooden casing was bolted which carried the water 
into the channel, and, whilst preventing any s])ill, 
offereil no resistan<!(* to the free flow of the water. 
Pumping was started on the ,3rd of July, but the 12 
■li p. engine soon gave trouble; and as the men 
left in charge of it could not get it to work satis¬ 
factorily f.jr any length of time, a 10 b. p. engine 
which was standing in the shops^it Bezwada was hasti¬ 
ly got ready and sent down to replace the 12 h. p. 
engine. It was, however, the 10th of August, before 
the new engine started work, and as there had also 
been somawlelay in the supply of coal for the smaller 
engine, progress with the exiwriment had so far been 
unsatisfactory; but afterwards everything went on well 
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and pumping was carried on day and night till the- 
trans])1anting was completed. From June, till the end 
of August, the rainfall was very much below the average ' 
and though the area cultivated was much smaller than- 
would have been the case if the a'eather had been more 
favourable, still the fact that the cultivation was 
almost entirely due to the water supplied by the- 
pumps, makes the results obtained more trustworthy 
and the data with regard to the supply of water more 
valuable than would have been the case if there had 
been even an average rain&ll. In Table III. is given a 
summary of the season’s work. 

Taiile 111. 


Month. 


{Number of hours 
engmes werent 

in cubic 

--j pjj 

•t H.r. \lOH. P-i second. 


I Uutjrof' 
Bsinfnlll water in 
in : acres per 
inches.I cubic foot 
jper second 
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The area under cultivation was returned by the 
Kevenne authorities as 820'S acres, assessed at 
Rs. 4,624, which was more than sufficient to pay cost 
of pumping. The crop was cut in December and the 
yield on a number of fields was weighed so as to 
obtain an approximate estimate of its value. The 
fields were divided into four classes, according to the 
quality, and the results in each class are given in 
Table IV. 

Tahle IV. 


;Aroa of fields 
i on which the 

Weight of 1 
thrashed | 

Yield per ^ 

1 crop wfts 

1 weighed 

paddy iu ‘ 
lbs. j 

acre in lbs.' 

; in acres. | 

• 

1 50-9H 

1 88,538 

1,736 : 

1 .')7-40 

! 63,475 

1,106 ; 


The crops on nearly all the land included in the 
lowest class suffered from the attack of a species of 
blight locally known as “ Kodu ” and said to only 
affect plants which have been transplanted late in the 
season. As a similar fate befell the crops irrigated by 
the Kistna and Godavari canals, it is evident that the 
blight, which only occasionally appears, is not due to 
the use of water from the river Uppnteru. Excluding, 
then, the lands in class IV. and remembering that 
most oUhe laud was under cultivation for the first 
time, the general result may be considered very f|ir, 
and for the lands under class 1. extremely good. 




200 


LIFT-IRRIOATION. 


It had been originally intended that the whole 
of the water pumped from the river should be passed 
over a rectangular notch with a sharj) edge, the depth 
of the water on which would have been taken at 
regular intervals and the discharge calculated, but 
owing to the delay caused by the break-down of the 
12 h.p. engine, it bec.ame desirable to pump the water 
as fast as i>ossible ; and as the notch re<iuired a clear 
overfall, which meant lifting the water at least one foot 
more than would be necessary if it were dispensed with, 
this method of determining the daily quantity of water 
lifte<i was abandoned. Instead, a record was ke]jt of 
the numbers of hours per day that each engine worked, 
and the ])ressnre of steam in the boilers. In December, 
after the irrigation wa.s over, the notch was fitted in 
its place and a series of experiments were made to 
determine the quantity of water lifted at various stages 
of the tide and^ with various boiler pressures. To 
ensure accuracy and to eliminate any velocity of 
approach to the notch, the banks of the channel had 
been made up so as to form a small tank about (10 feet 
S(]uare, into which the water from the pumps flowed 
and from which the water passed out over the notch. 
The result of the experiments are given below in 
Table V. 

T*ie engines usnally worked with a boiler pres¬ 
sure of 60 lb., and with the admission valve fully open. 
Under these conditions the two engines #working 
together on a lift of 3'18 feet pumi>ed 14'()1 cubic feet 
per second, whilst tTie^4 h. p. engine alone raised 4‘38 
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Tahi,e V. 

ED|;ino. 

j Boiler 

1 pressure. 

Speed ol 
! pumps. 

Lift 
in feet. 

Depth on 
notch 
in inches. 

Disehnrge 
in eiibic 
feet per 
second. 

4 H.P. ... 
12 H.P. ... 

1 (iO 

: (»0 

■ 44.7 

.760 

1 2-.70 

10-2.7 

13-23 

4 H. P. ... 
12 H.P. ... 

' 70 

70 

40a 

620 

} 2.73 

11-127 

! 14-96 

4 H. P. ... 
12 H.P. ... 

! 70 

46.7 

lai 

1 7()3 

11-127 

‘ 15-21 

1II. P. ... 
1211. P. ... 

, 60 

; (HI 

440 

.■>04 

i a 18 

J 

10 67 

: l-l-Ol 

4 II. P. ... 
12 H. P. ... 

.’lO 

.'iO 

;i!io 

72S 

!■ 7-37 

0-7.7 

' 12-27 

4 H. P. ... 

40 

.047 

[ .7-40 

8-70 

■ 10-33 

J2 11. P. ... 

10 

HW 

•1 H. P. ... 
12 H. P. ... 

70 

70 

4!IO 
.7.7,S 

1 7-70 

i 

10-90 

' 14 51 

4 H. P. ... 

liO 

44.7 

••t07 

4‘?0 

4-38 

• 4 H. P. ... 

! 70 

4or» 

3-4.7 

alKI 

4-.71 

4 H.P. ... 

.uO 

40.7 

3'.78 

410 

372 

■1 11. P. ... 

40 

3.‘>0 

.3 74 

3 72 

2-8il 

4 H. P. . , 

6(» 

460 

a 0.7 

4 47 

' .‘l-P.t 

12 H.P. ... 

70 

610 

.7-.70 

8-7.7 

10-43 

12H. P.... 

60 

.781 

380 

8-.77 

10 08 


cubic fe«*t per second on a lilt of 3'07 feet, and 3'7^ 
cubic feet ])er second on a lift of 5'0.» feet and the 
10 h.ji. eiij'iiie on a lift of 3'80 feet raised 10’08 cubic 
feet per second. J11ms therefore been assumed that 
as an averaj'e the. 10 h. ji. engine raised 10 cubic feet 
per second and 4 h. p. engine^4 cubic feet per second 
on lifts varying 2'5 feet to !> feet, the greater work 
done by the two pumps driven by the 10 h.p. 
engine being due to the higher speed at whicb 
they we»* driven. Using the.se figures, the results 
given in Table, III., under the columns headed 
*' Average discharge of pumps in cpb*cfeet per second ” 
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and “ Duty of watfr in acres per cubic foot per second”' 
have been calculated. 

■W^ith the conditions under which wet cultiva¬ 
tion is carried on in the Kistna delta, the duty 
of water should be calculated by taking the area 
irrigated and dividing it by the maximum mean 
supply over a period of forty days. The result for 
the area under the pumps is a mean discharge of 
9‘795 cubic feet per second from the 21st .luly 
to the 31st August, which for an area of 820'8 
acres gives an average duty of 83‘8 acres per cubic 
foot j)er second. In this particular case the method 
is scarcely fair, as owing to the dithculties connected' 
with the start and the failure of one of the engines,, 
the (juantity of water pum]>ed during the first twenty 
days of July was not sufficient to comply with the 
HHiuirernents of the cultivators, and an extra supply 
had therefore t(\ be given later on. A more accutate 
result would therefore be obtained by taking the 
averages over the whole of July and August, and if 
this be done the mean discharge is 7'98 cubic feet 
per second and the duty, 1(>2'86 acres per cubic foot 
per second. The experiment fully demonstrated the 
feasibility of the proposal to irrigate these lands 
by pumping from the I'pputern, but the scheme 
was never carried out for the very satisfactory reason 
that it was subsequently considered possible to 
supply the lands with water, from the delVi canals. 
The results of these ex]teriments, however, induced 
a native firm in Irijntur to start pumping from the 
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Colair Lake for the irrigation of some of the higher 
lAinkas or islands. And after seven years’ experience 
they are so well satisfied with this method of irrigation 
that they are now arranging to carry it out on a very 
extensive scale. 
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DEVELOPMENT OF LIFT-IRRIGATION. 

In the Report of the Indian Irrigation Commission, 
it is stated that the total area throughout the country 
dependent uj)on wells for irrigation is not less than 
16 million acres, and the Coinmissioners, after discuss¬ 
ing the prospects of utilising a larger i)roportion of 
the subterranean water, remark, “ that it may not be 
sanguine to look forward to a period when the area 
undei- well irrigation throughout India will ha\e 
doubled. ” An ejshaustivo survey of the possibilities 
of extending irrigation by the construction of new 
works on a large scale led them to propose a]irogramme 
for expending 44 crores of rupees in '20 years from 
which they anticipated an additional 0^ million acres 
of irrigation. That is to say, the Commission are of 
opinion that in the future, well irrigation will be of 
greater imjiortance than it has been in the past, and 
of the land in India yet t" receive the benefit of irriga¬ 
tion, not less than 70 per cent, will have to derive its 
supply from wells. At the present time only about 
30 per cent, of the irrigation is under wells, but if the 
anticipations of the Irrigation Coinmissioners art- realis¬ 
ed, 'eventually the proportion will be much greater and 
may ultimately amount to as much as 45 per cent. 
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Obviously, therefore, every possible aspect of well 
irrigation is a subject needing careful study and invest¬ 
igation and not the less so. because in tlie past it has 
not Iw-en deemed worthy of the serious attention of 
engineers. In various ways, in dilferent I'rovinces of 
of India, well irrigation has been encouraged by Lociil 
Grovernments, and to some e.xtent material assistance 
has been rendered under the Agricultural J,and 
Improvement l/)ans Act by the system of ‘‘ Takkavi ” 
Bdvan(;es, but nothing has been done to help the agri- 
c’.ilLurist in selecting Ihe site for a well, nothing to 
show him }»ow best to tap such water-sujiply as may 
exist, and vei-y little, and that of no ])racticai utility, 
to indicate the best means by which the water may 
be raised alwse the surface of the ground. What 
has been done in the past has been done by the ryot 
himself, wiiat yet remains to be done must necessarily 
be on much ihe s.-ime lines. But it is po.ssible that 
valuable assistance may be given hiun^ in various ways 
and the. range of his oi>erations greatly extended* 

In other countries notably in the arid regions of 
the I'nited States, an enormous amount of work has 
been done to bring to the surface water for the irri¬ 
gation of land, which would otherwise remain a 
sterile waste. Mainly the work has been done by 
private efforts, but in America its im|)ortance is now 
being recogniaed»hy the State and the Federal Depart¬ 
ment of Agriculture devotes a large amount of time 
to the collection of data and the publication of the 
results of experiments. Bulletin, No. 158 of'the 



206 


LlFT-IRRlGATION. 


Office of Experiment Stations is a record of Irriga¬ 
tion and Drainage Investigations carried out in 1904. No 
inconsiderable portion of the 743 pages of this report 
deals with snbterranean water and its utilisation, whilst 
the extensive development of pumping from rivers, 
lakes and backwaters receives the attention which it 
deserves. To Indian readers the record is interesting 
ns showing what can be accomplished by intelligent 
enterprise and abundant capital. But tl’.e conditions 
in the far West are so different from those that prevail 
here, that very little can be gleaned that is directly 
applicable to the circumstances with which we have to 
deal. Here, as in America, we must start <le novo and 
work out the problems which will present themselves. 

tinder the Madras Government, irrigation by pum¬ 
ping has received more attention than probably in any 
other part of India, and the history of work in this 
direction goes back as far as 1892. In his interesting 
report on the llivi Pumping Project which is now being 
carried out in the Kistna District, at a cost of more 
than 18 lakhs of rujiees, whereby .50,000 acres of land 
■will be irrigated by pumping from the Kistna river 
below the anicut, Mr. K. N. H. Ueid. the Executive 
Engineer who designed the installation, remarks : 

“ The favourable financial position of the project 
naturally raises the question of whether the like cannot 
be done elsewhere, but before con.sidering this, a brief 
retrospect may be taken of «diat has been done in the 
District since Messrs. Ussher and (ihatterton first sug- 
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gested the use of pumps for irrigation in 1892. In 
that year an area of 125 acres of land at Mattagunta in 
the Gudivada Taluk was irrigated by lifting water from 
the right bank of the llpimteru river which constitutes 
the outlet for the ('olair liiike. The average lift was 
under 5 feet, and a 4 hor.se-power portable engine was 
used to drive an 8-ineh centrifugal pump. In the fol¬ 
lowing year, 1893, a second engine of 10 hor.se-j)Ower, 
driving two 8-inch centrifugal pumps was added to the 
■jdant of the previous year and an area of 820 acres 
was successfully cultivated. It was then decided to 
bring these lands at Mattagunta under anicut distribu¬ 
tion by constructing the Petlalanka channel and the 
pumjiing experiments were accordingly discontinued. 

Native enterprise then came forward and a firm 
of Guntur and Bezwada merchants were granted a con¬ 
cession, enabling them to cultivate by means of pump¬ 
ing machinery, an area of 1,000 acres on the margin 
of Golair Lake for which they were to^jay no water-tax. 
In the years 1894 to 1897, in spite of many difficulties 
“from alternate flood and drought, they successfully 
<-ultivuted several hundred acres. A want of expert 
advice hami)ered their efforts. The. centrifugal pump 
employed, which had a discharge pipe 15 inches in 
diameter, was too large to be.economically driven by 
the small 10 horse-power engine, and the irrigation 
channels were /ar too large. A second native firm 
which came from Ellore started pumping in July of 
last yeft (1900) and successfully cultivated about 200 
.acres of land on one of the Colair Lankas. They hn- 
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ported from Glasgow a 9-inch pump driven by a direct 
acting vertical engine. 

The successful pumping at Mattagunta naturally 
led to the suggestion of Divi Island as a .suitable field 
for pumping on a large scale. Here was an area many 
times larger than an}' available on the margin of the 
llpputeru river and which, moreover, was (juite cut 
off from the surrounding delhi. I was in charge of 
Ifivi Island at the time as Sub-division Oflicer .and in 
1894. submitted a report with outlined estimate for 
irrigating .')(i.0()0 acres at a cost of aliout 14 lakhs of 
rupees in machinery and works. In 1890. a small 
establishment wa« sanctioned for taking levels and an 
alternative e.stimate was submitted for irrigating 
acres of waste land, leaving the existing wet cultivation 
to be supjdied from tanks as before. 

Sanction was ai.-corded in G. (•. No. 1081—I., 
dated 22nd December, 1900, for the installation of a 
small immping j.lant at Vetiinoga which is 10 miles 
from the sea. Two twelve horse-power jxirtahle engines 
were brought to the site and employed to drive three 
centrifugal pumps of 7. 8 and 10 inches diameter, the 
whole being housed under a galvanised iron-shed. 
Water was pumped from the latter end of .Inne, 1901, 
into the village tank from which the ryots had been 
in the habit of cultivating from .'iO to 100 acres 
whenever the river freshes were favorirahle. An area 
of 830 acres now is under cultivation. With the low 
water-tax ofKs. 3 for the yiar 1901, it was found 
tbitt the net revenue paid 4 per cent, on the capital 
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outlay. With the rate raised toBs. 5 as'in 1902, the 
return should be much higher. The plant now at site 
can irrigate 1,500 acres against the 830 acres of 
1901. 

The ryots at first viewed the experiment with 
their cnstomary diffidence. No preparations for culti* 
ration were made till the a'ater was seen flowing from 
the pami>.s. It so happened that the season was very 
un&vourable for the old system of tank irrigation. 
In Yelimoga, instead of 830 acres not more than 50 
would have been cultivated. The whole island suffered 
from drought, and in i)Iace of from 5,000 to 10,000 
acres of wet cultivation under all the tanks the actual 
area brought to maturity was only a few hundreds. 
The area under the pumps at Yetimoga exceeded the 
total of all the rest of the Island put together, with the 
result that the ryots of all the other villages are now 
petitioning lor the extension of a similar system to 
their lands.” 

The Island of Divi, which is to be the scene*of 
the largest development of lift-irrigation which has 
hitherto been attempted, is situated at the mouth of 
the Kistna river, being cut off from the mainland, on 
the one side by the main river and on the other by 
the Puligadda branch. It was originally intended to 
build an aqueduct across this branch to carry the 
waters of the Kistna canals to the island. But as 
the water supply available is barely sufficient for the 
lauds already commanded by the Kistna canals, this 
prqect has been definitely abandpned and it is now 
14 
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intended to pump water from the bed of the river on 
to the island. The works, in course of construction, 
provide for lifting 560 c. ft, per second to a height of 
12 feet and the plant will consist of 9 Diesel Oil¬ 
engines, of 160 horse-iwwer each, driving .S9-in. centri¬ 
fugal pumps. The water in the river is tidal and is 
only fresh during the irrigation season which begins in 
June, and ends in December, so that the irrigation will 
have to be confined to paddy cultivation. The annual 
working expenses are estimated to amount to not more 
than Ks. 2 ])er acre and as the water rate charged will 
be Ks. 5, it is obvious that the ])roject will prove 
highly remunerative. Apart from the shortness of th» 
season during which water can be ]ium[)ed from the 
river, the conditions at Divi Isl.md are unusually 
favourable for a pumping scheme; especially is this so 
in regard to the variations in water-level, as the vertical 
range between the low spring tides when the ujdand 
water has ceased to dow and the maximum flood level 
is unusually small. In high floods no pumping is 
necessary and the greatest lift at the end of the irriga¬ 
tion season is expected not to exceed 12 feet. The small 
range of the tide at the mouth of the Kistna is largely 
responsible for the very favourable conilitions of which 
advantage is now being taken. 

The volume of water passing down many Indian 
rivers and now flowing uselessly to tlie sea is not only 
enormously great, but the flow ^continues for a suflS- 
dently long time to render it practicable to make use 
of the water for irrigation, if only it could be obtained 
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at a sufSciently hi^rh level to command landK saitable 
for irrigation. The Divi T^land scheme may possibly 
be the forerunner of not a few .similar installations, but 
much greater difficulties will have to be faced and the 
financial jirospects are at the present time by no means 
so satisfactory. 

Outside the deltas the rivers run in valleys and not 
only is the range between summer water-level and 
maximum flood-level very considerable, but the height 
to which water has to be lifted to command the land is 
generally so great as to preclude the possibility of 
pumping on anything but a very large scale. Never¬ 
theless, it is certain that if the hydraulic conditions of 
the rivers in India are carefully studied, it will be 
found that there is an enormous field for the develop¬ 
ment of lift-irrigation. In the south of India, from 
many rivers large ipiantities of water are drawn off 
every year by the ingenious system (jf Spring Channels 
and where conditions are favourable this systen^of 
irrigation is fairly satisfactory, lint in most cases it 
is only po.ssiblp to obtain a small percentage of the 
water available and tluit by an expenditure of labour 
inordinately great. If the labour had to be jiaid for 
at anything like curi-ent rates for cooly labour, the cost 
of irrigation by Spring Channels would be found prohi¬ 
bitive. Hut Sjiring Channel irrigation is possible be¬ 
cause it utilises m the slack agricultural season of the 
yeai Intour that would otherwise be unemployed. 

Atthe]>resentlime * we know very little about4he 
• Vide “ The flow of water in San_d ”'p. 177. 
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water in the sand of river-beds daring the dry season 
of the year. There is some evidence to show that the 
quantity is &ir]y considerable, and that it might become- 
a very important factor in the extension of irrigation 
if only it were properly looked after. It is certainly 
worth while to consider the question at some length. 
In the hot weather a typical Indian river presents a 
vast expanse of dry sand. A few inches or a few feet 
below the surface of the sand, water is invariably 
found. By digging channels in the sand with the bed 
slope much leas than that of the river, the upper end of 
the channel will have its bed considerably below the 
line of saturation of the sand, and water from the 
river-bed consequently flows into the channel. Proceed¬ 
ing downstream the channel gradually gets shallower 
and finally its bed coincides with the bed of the river. 
Before this point is reached, there is a point at which 
the water-level in the cliannel coincides with the W'ater- 
level in the sand. Above that point water flow.s from 
the river-bed to the channel; below that jK)int the 
water collected in the channel begins to flow back into 
the river and the sooner, therefore, the channel can be 
got out of the river and the bed made impermeable to 
water, the greater the quantity of water that will be 
available for useful work. If a Spring Channel with a 
slope of 2 feet per mile is carried up a river, the bed 
slope of which is 6 feet i>er mile, at thtf end of 2 miles 
its bed will be 8 feet below the bed^ of the river and if the 
lin€i,of saturation is 4 feet below the river-bed, there 
will be, say, two feebof water in the channel at its head. 
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Half a mile lower down the water in the channel will 
coincide with the level of the water in the sands; from 
this point onwards the channel will begin to lose water 
into the sand and the volume will gradually diminish 
till it is diverted from the river-bed into the more 
■or less impermeable material of the banks. Obviously, 
therefore, a Spring Ohannel only taps the superficial 
layers of water-bearing sand and most of the water is 
allowed to remain unutilized. 

A succession of Spi'ingChannelSjOnebelowtlieother, 
is what is usually found in a river of this type. Beyond 
the head of the lowest channel all the water is wasted 
and in many cases this is undoubtedly a very large 
quantity, but how much, it is extremely difficult to 
■say. In addition, there is probably a very large loss 
of water by evajwration from the vast expanse of sand 
but what this may amount to, there are absolutely 
no data by which to frame an esymate, though it 
would not he difficult to devise some simple expe|i- 
ments which would give practical information on 
this point. 

From the foregoing sketch it will be seen that the 
extreme simplicity of the spring channel by no means 
compensates for its very obviyns defects and it seems 
most probable that a well-devised system of lifting 
water from a river-bed by means of pumps would be 
more economical and would enable us to obtain a 
eonsidembly larger quantity of water. Spring Channel 
irrigation is only possible with Kudimaramat labour, 
df which it is difficult to express, tlie money value. A 
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low rate will put the cost of such irrigation at 2 annas 
per acre per day or, say, Rs. 4 per acre per month. 
This is, in itself, a fairly high charge but the real de¬ 
fect is the small proportion of water utilised of that 
which is available. In rivers with a fairly rapid bed-fall 
and no great depth of sand the Spring Channel is most 
satisfactory, but when the bed 8lo])e is small and the 
depth of sand great, the Spring Channel cannot get at 
more than the water in the snjterfieial layers of sand. 

It is easy to point out in a general kind of way 
the advantages of lift irrigation from rivers, but when 
we come to the working out of details very serious 
difficulties present themselves, and a.s yet no attempt 
has been made to solve them. The water-supply of cer¬ 
tain towns like Conjeevaram. Trichinopoly and Madura 
dejtends upon the storage ca{)aeity of the sand in the 
riverbeds oftheralar,Cauvery and Vaigai rivers respect¬ 
ively. The expense to which a town may go to 
obtain a pure watei'-supply is very much greater than 
what is permissible when the water is re(]uired for irri¬ 
gation and the experience of the Sanitary Engineer 
who constructed these w'ater supply scheme is, therefore, 
of little value to us in this matter. 

Mr. Tota E. Kamanujam Chettiar, of 
Trichinopoly, was the first Indian to grasp the |)oss- 
ibilities which may be realised by pumping water 
to supplement the deficiencies of "spring channel 
irrigation. He and his [lartpers own a tjnct of 
30P acres of land on the right bank of the Cauvery, a 
fiew miles below th^ junction of the Amaravathi with 
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the main stream. These lands are watered by a spring 
channel which hikes off from the Amaravathi some dis¬ 
tance above its junction. The supjdy of water is always 
precarious and in recent year.s has often failed, so that 
the return from the land is very small. With the assist¬ 
ance of a loan of Ks. 8,000 from Government which has 
been granted to him under the Agricultural l.And Im¬ 
provement Txians Act, Mr. Tota KamanujamChettiar has 
erected a pumping station on the banks of the Cauvery 
in the immediate vieinity of the land to be irrigated. 
The pumping station is situated on the high- 
berm within the river Hood hanks and the engine house 
is placed at such a level as to be above even extra¬ 
ordinary floiids. T»’o wells, one 15 feet 5nd the other 
20 feet in diameter, have been sunk in the sand about 
ten feet below the normal hot weather water level and 
connected together. In the smaller well two centri¬ 
fugal pumps one with a suction pipe ^2in. in diameter 
and the other with a suction pipe Sin. in diameter have 
been fixed and for di^ving them a 25 horse-power 
Hornsby liquid fuel engine has been installed. This 
engine is ca^mble of driving one pump at a time but 
not both together. When the water level is fairly 
high the 12® pump can be conveniently run but if the 
water level sinks very low there is only sufficient power 
to drive the 8-in. pump. Between the engine and the 
pumps is a counter shaft fitted with pulleys which 
renders yds alternative arrangement possible. The 
two wells do not supply sufficient water to keep t^e 
12-in. pump at work and for the present a channel 
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has been dug through the high-berm into the lower 
bed of the Cauveiy to a sufficient depth to bring to 
the pumjw enough water to keep them going. This 
channel differs, however, very materially from the 
ordinary spring channel as its bedfall is practically 
the same as that of the river and it terminates 
suddenly with its water level below that of the water 
in the adjoining sand, so that it is simply an open 
filtration gallery. 

This installation has been at work for one season 
now with great success. There has been trouble with 
the engine owing to certain defects in the arrangement 
for driving the pumps, but the land has been thor¬ 
oughly irrigated and bears valuable crops of plantains 
and sugar-cane whilst the neighbouring lands, which 
entirely dejiend njioii the spring channel, have borne 
anything hut satisfactory crops. During the latter 
half of the year ^ the spring channel is the principal 
source of supply and it is when the water from that 
source fails that the engine and pumj) are set working. 
From the experience of a single year it would be very 
unfair to estimate the financial results which are 
likely to be obtained, but there is no doubt whatever 
t-hat even in the first year the transaction has 
proved highly profitable and in years to come 
when the whole of the land has been brought under 
intense cultivation, the results will be still more satis¬ 
factory. This pumping statjon has been ^refully 
watched by a number of other landholders, and there 
is not much doubc that there will be many more 
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applications for assistance to put up similar pump- 
ing stations in other places. The maximum lift 
'in thi.s instance is not more than 16 feet and the 
pump does nothing more than raise the water which is 
collected by a sort of infiltration gallery. The larger 
pump raises about 7 c. ft. per second and the withdraw¬ 
al of such a small (|uantity of water has no apprecia¬ 
ble effect on the Cauvery river. Even if twenty such 
installations were put up, the effect would probably 
he slight, provided they were not in too close proxi¬ 
mity to one another. 

* This year a similar exjieriment will be made on 
the bnnk.s of the Ifagari river, at the exjjerimenta! farm 
^which is being established by ftovernmenE to deal with 
the question of irrigating black cotton soil. The pum¬ 
ping plant is now in course of erection and it will pro¬ 
bably commence work at the beginning of .Tune. A 28 
h. p. oil-engine and a lO-in. pump^ave been jmr- 
chased and the latter is to he erected over a well sunk 
at the edge of the bank of the river, and penetrating 
the water-bearing sand through its whole extent. There 
will be a certain amount of percolation into the well 
but it is not likely that it will be anything like suffi¬ 
cient to keep the pump ^supplied with water. 
Arrangements to effect this have yet to be devised. 
Probably, in the first instance, an open cut will be 
made similar to that which has proved satisfactory 
with thfwCauvery plant, but if the percolation into the 
well is free, a permanent infiltration gallery may pip- 
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bably be constracted of sufficient length to yield the 
quantity of n-ater required. An essential [lart of the 
programme, however, is to pump as much of the sill 
carried by the water during floods ns possible, and 
arrangements have been made to let the flood waters 
have free access to the jmmp. 

The land to Ixs irrigated by this installation runs 
back from the river for about a mile and the sloije of 
the land in that distance is about 8 feet. This intro¬ 
duces, in a very mild form, one of the greatest difficul¬ 
ties which will have to be oontemled with in connection 
with the introduction of jiuiriping from rivers. In this 
case the difficulty will be got over by pumping in two 
stages. The Water lifted from the llagari river is carried 
back in a channel which runs in a bank about 1 feet high 
close to the pumping station and gradually diminishes 
in height till it becomes level with the ground and then 
runs in catting up to the farm buildings where it is 
lifted into a channel running in bank by a second en¬ 
gine and pumj). A similar jilan bas been adopted to 
deliver the water pumped from the bayous of Louisiana 
and .Southern Texas on to the ric*e fields which, in 
recent years, have developed to such an enormous 
extent. 

The variations in water level of tlie llagari river 
are well within 20 feet, and as the suction of a centri¬ 
fugal pump will work well enough up to 2.') feet, there 
has been no difficulty in placii^ the engine Orbove any 
probable water level. But in most rivers the range of 
water level is mudi greater than this, and it is by no 
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means a simple matter to arrange the machinery so 
that the engine is not submerged in high floods. 
Where the banks of the river are steep or almost verti¬ 
cal, the problem is a comparatively simple one as a 
well can be sunk in the river close to the bank and 
carried above the maximum (lood-level. In the 
bottom of the well a horizontal centrifugal pnmj) with 
a vertical sjnndle can be fixed and driven by a shaft, 
carried u}) the well, on which a horizontal pulley is 
fixed above the flood-level. The engine can then be 
fixed on the bank and drive the pump through a 
^uarter-ltt'ist belt. The permanent masonry work 
connected with such a .scheme must be fairly heavy 
and correspondingly expensive, and consequently the 
cajtital cost of an installation of this kind will amount 
to a good deal jx'r acre unless the volume of water to 
be dealt with is large and the cost of the machinery is 
a considerable percentage of the total outlay. As yet 
no such installation has been erected iif India and al¬ 
though pumping from the Nile in Egypt by means* 
of steam engines and pump.s has been practised on a 
very large scale, the prevailing conditions there are 
quite different to anything experienced in India except 
possibly in Sind with the Indus river. 

In the case of most rivers the summer water-level 
is far below that of the surrounding country and the 
slope of the ground is not steep enough to allow of 
pumping |he water in a single stage, except by incur¬ 
ring the cost of very deep cuttings, which would give 
an immense amount of trouble in flood time. Under 
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sach circamstances small pumping installations are 
out of the question, as the capital outlay required 
will be too great, Where abundant water is available 
and there are large tracts of land to be irrigated it is 
probable that in most cases the engineering difficulties 
can be surmounted. It may be assumed that there 
is no objection to allowing the ]>umps to be drowned 
during the high floods but it is essentia] that the 
engines should be placed above the flood-level. The 
electric transmission of power would get over the diffi¬ 
culty provided the motors could be run back on rails 
whenever floods were expected. A large central 
generating station would be a very economical arrange¬ 
ment for pumping from a big river like the frodavery 
or the Kistna, especially if it were necessary to lift the 
water in two or more stages, and continuous pumping 
might be ensured even in flood time by the use of 
fairly long suction pipes and by making the stages 
overlap so that the suction pipes of the pumps on the 
second stage will begin to draw water from the main 
stream before the pumps on the first stage are drown¬ 
ed. In this ease it will not be practicable to make 
the vertical stages more than 20 feet in height 
except the last one. Where the lift is high and the 
slope of the ground gradual it will be necessary 
io provide a rising main and in this connection it is 
possible that the employment of armoured concrete or 
armoured cement pipes may, be found practicable and 
much cheaper than cast iron. All this, however, is 
more or less a matter of sj)eculation and it is pretty 
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certain that lift irrigation from rivers can only be 
gradually developed ns one class of difficulty after 
another is practically surmounted. 

On the Adyar river to the South of Madras, for 
irrigation paq)oses, two pumping installations have- 
been erected. The first, which was put np nearly two 
years ago, supplies water to i>art of thelandof the Agri- 
cnltnml College at Saidapet. Many years ago when these 
lands formed part of a garden belonging to the Nawabs 
of the Carnatic, a well was sunk near the river and con¬ 
nected thereto by a culvert. A few hundred yards 
Wwer down the river is a small masonry anicut which 
Bolds up a j)Ool of water extending some distance be¬ 
yond the Marmalong Bridge on the MountiRoad. On 
ttfe side of the well, away from the river, a massive 
brick-work relaining wall was built which formed the 
end of an earthen bank thrown up to carry tl.e water 
to the lands of the giu-den which are some 1 .T to 20 
feet above the normal water-level in lUe river. For¬ 
merly a pair of country mhotes was employed to lift • 
water from this well, but tw'o years ago we installed a 
6i h. p. oil-engine and a 4-in. pump and on an 
average about 150,000 gallons of water per day have 
been lifted up for the irrigation of certain sections 
of the farm. The power available was hardly sufficient 
during the last hot weather when, owing to the drought, 
the river sunk to aiF abnormally low level. 

A few^miles farther up the river at the village of 
Chittatur we have erected a 14 h. p. oil-engine and 
a 5*in. pump for M, B. By. Appasivnmi Mudaliar.* 
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The river there consists of a series of rocky pools which 
have never been known to dry up and for a coniidera- 
ble part of the year there is a slight flow of water 
down from pool to )k>o1 owing to the leakage from the 
Chembarambakam tank and the drainage water from 
the lands under it. The banks of the river are fairly 
steeji and the lift is about 23 feet. Some distance 
back from the hot weather channel, a well has been 
sunk and connected to the river by a culvert terminat¬ 
ing in an open cut. In very high floo<ls the pump 
will be submerged but the engine stands at a somewhat 
higher level and it is' expected that the highest flooa*' 
will not reach it. A moderately high bank carries the 
water from the pump to the level of the land, the 
lift being divided into about 10 feet of suction and 7 
feet of delivery. The installation was only completed 
duly this year at a cost of about Rs. .'),()00 and it is 
hoped will provide sufficient water for 100 acres of 
land. So far the ]>omping seems to have had no 
appreciable effect upon the water-sn)>ply in the river, 
and if this be so, it may iwssibly be ))racticable to set 
up several other installations of the same kind. 

Itis well known thataconsiderableipnintilyof water 
passes down the Palar river in the wide sandy bed, and 
in August, 1902, a scheme was outlined for sinking wells 
at intervals alongside the river and pumping water 
from them with power supplied from a central electric 
station. The sctheme was f^hmitted to Gjpvernment 
in the Public Works Department and the pro- 
|K)Bal was HO .far approved that money was pro- 
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vided for establishing :i single punujing station to 
test the practicability of getting at the water of the 
river by means of wells. In 1904, a site was selected 
near the village of Attur, about three miles from 
Ohinglejmt and a well 1.3 feet in diameter sunk at a 
spot which it was thought would prove satisfactory, 
and a sufficient area of land was acquired to test the 
practicability of irrigating by means of the water so 
raised. The well was sunk to a depth of 3.3 feet, or 
nearly 20 feet below the w'oter-level in the river, but ex¬ 
cept for a few feet of blown sand on the surface and one 
/r two thin layers of sand lower down it passes through 
^mictieally iinpenneable strata. A boring was then put 
down fiorn the bottom of the well for another 50 feet 
with unsatisfactory results. The well was found to yield 
about 20,000 gallons of water a day and was obviously 
a failure. I then had borings taken at various places 
on the land which has been acquired for experimental 
purposes and in some places more hivourable indica¬ 
tions were obtained. Finally a s|)ot wjis selected about 
250 yards from the existing well and a small pot 
well 2 feet Gin. in diameter sunk. This well only 
extends .5 or G feet below the level of tlie river-bed 
and its flow wiis recently tested with a hand-pump. 
Over 1,500 gallons of water per hour were taken out 
of the well and the depression of the water-surface was 
not more than 2 feSt. 'Oiis would mean that a 15 feet 
well with, the same depression will probably yield 
10,000 or 12,000 gallons per hour and by increasing 
the depression to 5 or 6 feet it h probable that. 
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without blowing up the bottom of the well, a supply 
of as much as 20,000 gallons of water per hour can be 
counted upon. The land aajuired in the neighbourhood 
of the well has been converted into an ex]>erimental 
fann and placed under the charge of the Deputy 
Director of Agriculture. The anticipated supply of 
water will be more than sufficient for the irrigation. 

The failure of the well at Attur and hundreds 
of similar failures which have occurred to ryots in 
well-sinking elsewhere, strongly jMjint to the necessity 
of a preliminary exploration of the ground before 
incurring the expense of sinking large wells. 

For this purpose, well-boring tools capable of- 
putting dow .1 holes about 4 inches in diameter are 
sufficient, and generally it is not necessary to go to h 
greater depth than about 1(K) feet. But over extensive 
tracts of country it will prol)ably be found advantageous 
to put down boreholes of much larger diameter and 
to a much greater depth in the hope of tapping either 
artesian or sub-artesian supplies of water, or to 
penetrate beds of gravel from which water may be 
freely obtained by the use of deej) well pumps. In 
Pondicherry and the country to the south of it, the 
existence of an artesian water sujiply has long been 
known, but it is not sor well known that many hundreds 
of artesian wells have been put down by the ryots and 
that from these wells the water rises above the ground 
level and irrigates their fields. The quantity of water 
yielded by the wells varies very much, but in no case 
does it amount to more than about half a cubic foot 
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per second. If pumping were resorted to, there is not 
the slightest doubt that many of these wells could be 
made to yield a very large supply of water, 
(^uite recently, Mr. I’anduranga Mudaliar who, for 
nearly two years, has been irrigating his lands near 
(luddalore with an oil-engine and pum[), has, with 
the aid of some men from Pondicherry put down 
a borehole at the bottom of his well. At a depth 
of 81 ft., he struck water and it rose up the borehole 
which was 7 inches in diameter with considerable force 
and filled the well to within 13 fl. of the surface of 
the ground. Tiie engine and pump were set to work 
and about 300 gallons jier minute were removed from 
the well. This resulted in lowering the ^ater-level to 
about 20 ft. from the surface of the ground, but 
gradually the How u]) the borehole decreased and event¬ 
ually the well was emptied. With the borehole ter¬ 
minating at 28 ft. below ground level, a permanent 
discharge of about 140 gallons jM-r minute was obtained. 
Sabsfapiently, a .second borehole of similar diameter wils 
pat down with a similar result, and Mr. Panduranga 
Mudaiiar is now able to keep his engine and pump at 
work as long as he likes lifting over 300 gallons per 
minute from a depth of about 18 ft. 

This discoveiy of a sub-aftesian water-sup 2 )ly, as 
far south as Cuddalore, is of great imjvortance us indi¬ 
cating that the beWs from which the smvjdy is derived 
are of c^siderable extent and 2 )robably of great capa¬ 
city. Doubtless, numerous other boreholes will now pe 
put down and eventually the demand for water will be 
15 
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SO great that the natural flow of the wells will eesise, 
and jiumjiing will have, to be resorted to everywhere to 
obtain a snp^ily of water. This is what has hajurened 
over and over again in Araeriea and though enteqrrise 
and capital aie not so freely forthcoming in this coun¬ 
try; yet, wlien the value of a perennial supply of water 
is fully realised, there can lie hut little doubt that the 
same sort of thing will occur here. The Pondicherry 
well-borers are very expert at their work and under 
favourable c inditions put down boreholen to depths of 
as much a- dOu ft. very cheaply and ,ei v ex))editioualy. 
Their skill and ex|ierience might well be utilised in 
many parts of the Presidency, and if sueh work 
were systeinaMcallY carried out. under eoiniietent su¬ 
pervision, whatever tiiedireet result- might he, there is 
no ■juestiou hut that the imlireet re-nits Would Ire of 
immense valii" and woidd enahle u- i.i avail ourselves 
to the uttermost of sueh -lores of -iihfcriancaii water as 
actually e.xist. " 

Mineral explorations in the agency tracts of the 
tio'laveri Itistrict liave resulted in the discovery of 
fairly considerahle stijiplies of artesian water and in llie 
Chingleput Ibslricl near 'J'iruveilore. Me-sr-. lle-t and 
do., whilst boring for coal, have struck a fairly strong 
supply of artesian water at a great depth helow the sur¬ 
face. In the neighbourhood of (,'ocanada and Samal- 
cotah just to the north of the (iodaveri Della, artesian 
water has been found and a number of boreholes put 
down. Hut so far no attempt has been made to in¬ 
crease the flow of },bese boreholes Iiy means of pump- 
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ing. In Coimbatore where the water-an|i|)ly for irri¬ 
gation is derived from many thousands of wells, the 
■sinking of boreholes at the bottom of the wells has 
frecjnently led to ta]t|)ing supplies of water under 
-uflieient jiressure to rise eonsiderably above 
the bottom of the well, (generally speaking, boring 
for water in the south of India has not been carried on 
\ery extensively, but the results of such work as has 
been done are of so encouraging a nature that further 
development in this direction is extremely desirable, 
and in course of time, it is not unreasonable to ho])e 
•that the whole of the country will be carefully ex¬ 
plored wherever the geologic il contlitions are such as 
not to obviously jireclude the jiossibility of finding 
artesian water in consiilerable volume. 

In the Madras Presidency the general slope of the 
^•ountly is from west to east but the ridges forming 
tiie watei-sheds between each river ba.sin gradually 
become less prominent as they approach the alluvial 
tracts along the Kast Coast, .so that \diiations in level 
cf but a few feet would change the course of not a few 
ol the livers. In many places theie are considerable 
tracts of water hearing sand overlaid wdth alluvial 
deposits marking the ancient courses of rivers which 
may in-w he found working their way to the sea some 
distance off. Such beds of .sand are invariably full of 
water, and in not if few cases where tlie lie of the land 
jiermits of it, the water can be brought to the surface 
by wliat is locally known as a ‘ springhead This coi}- 
sists of a channel dug at right angles to the contour 
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lines with a ver}' small slope so that eventually it pierc¬ 
es the layer of water-bearing sand and the water escap¬ 
ing by this artificial sjiring is conducted away for the 
irrigation of the lower lands. In practice this method 
of getting at the subterranean water involves a consi¬ 
derable amount of laliour at the outset and only taji.i 
the surface of the water available. Hy sinking wells 
into the sand and lifting the water out vertically much 
larger quantites can be obtained tliougli. naturally, the 
cost of getting at the water is much gre.ater. Our 
enquiries during the last twelve months have revealed 
the existence of very large areas of land from which 
such sujiplies of water can be obtained, and in certain 
places we hav.* sunk wells with considerable succcs.s. 

In the village of Paniiampattu near Villupuram, 
we have installed a h. p. engine and a (1 in. jmmp. 
The pump draws its water from acircular brick well 
which has been sunk on one side of a large open exca¬ 
vation. The waier-bearing sands which rise within a 
iVw feet of the suifaee yield an ample supply and it i- 
(juite practicable to extract Tot) cubic feet ]ier second 
continuously from this one well. The .soil round the 
well is extremely porous, otherwise such a supply 
of water would be sullieient for about 200 acres of 
garden crop. An eflorl is bow being made under 
the direction of .Messrs. Parry A (lo.. to ascertain 
wbat area of land can be irrigated 'and what o'ops 
should be grown to obtain the most profitable results. 
About 10 miles to the west of Villupuram, at Siriivan- 
nnr, Mr. Pandurangam Mudaliar lias sunk a w'ell of the 
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ordinary type employed in that locality. He hat put 
in a 3 in, centrifugal pump and has been driving it for 
some time with an oil-engine. The pump lifts about 
half a cubic foot i>er second and can he worked continu¬ 
ously day and night, the water-level in the well sink¬ 
ing very little. A similar well was sunk at .Manaina- 
dura on the hanks of the A'aigai river about 
two years ago and it has never been possible to un¬ 
water it with a 3 in. jiump. Again at Pandur near 
Trivellore in the Chinglei)ut District .several wells on 
the l.ntheran Mission .Settlements have been tested 
’ with a 3i h.]). engine and a 3 in. pump. In one case 
a snb-ai’te-ian sujiply was t.ajipeil and suflicient water 
obtained to kei*p the engine and pump ftilly at work 
and in other cases though the wells did not yield so 
much water, yet the ipianlity was sufficient to indicate 
that if a couple of wells were sunk and connected 
together, the ])crcolalion wouhl be sufficient to 
keep the engine and jmmp running. At Pannam- 
]iattu the sand yields water extremely freely but It 
■dso flows in easily so that it is difficult to separate 
the sand from the water and sjrecial arrangements will 
have to he devised to do this. .\t Siruvannr and 
-Manannadiira the sand is much coarser and no difficul¬ 
ty has been experienced in takmg out the water. 

In these tracts of land underlaid hy water-bearing 
sands where the Mft does not exceed 16ft., the piocotah 
is universally employed and the area under well- 
cultivaliou is limited by the number of men available 
to work the piccotahs. This I havo been assured is 
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tlie nase wherever I have made enriuiries at: to w]iy when 
such a tileiitifnl supply of water is availalde more use 
has not been made of it. Similarly, a.s in the country to 
the north of Tri\ellore where the water-bearing sand.- 
lie at greater depth and the country mhote is ust'd. 
the area under irrigation is limited by the number 
of cattle available for such work. The great majority 
of ry'ots are unfortunately far too poor aii<I their hold¬ 
ings much too small to enable them to avail themselves 
of engines and piuti)»s. If co-operation were i>ossiblc 
soinetliing might be done, but it i.-- almost hojieless to 
expect anything in this direction and it is to be feared 
that many years will yet elajee before full use is 
made of the available .stores of water which lie but 
a few feet below the surface of llie gnmnd over ex¬ 
tensive area.s in the (larnatie districts of this Presi¬ 
dency. 

The va.«t majority of wells frotii which water i- 
lifted for irrigation in this Presidency are little better 
than holes sunk in the shattered and disintegrated 
rock which occurs near the surface. In some of them 
a fair water-sup)(ly is met with at a moileratc depth. 
In other cases the holes are sunk to a great (let>th 
with less satisfactory results. As a ruie, it does not 
pay to irrigate land when the water in the well is more 
than 40 or .'>() ft. below the surface of the gromut, but 
it is suspected tliat in many c(ise.s this is just 
about the level of the water ylane in the dry season 
of the year. Where solid crystalline rocks are not 
encountered, the deeper the well is sunk in disintegr.it- 
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ed and shattered rocks, the greater is the water-supply 
available and the greater the certainty that it will not 
■fail. With modern pumping ni>pliances it is possible 
to take out water very much more clieaply than is 
practicable with cattle, and there is not the slightest 
(|uestion that a veiy con.siilerable (lercentage of the 
severiil hundred thousand wells sunk in the rocks of 
Southern India could be enormously improved if they 
were sunk still deeper and proviiled with aderjuate 
pumping machinery. Investigations in this direction 
are now in jirogress, and in certain cases where wells 
have been deepened, the sojijily has been materially 
increased. itistanees ol tins I might mention the 

well at .Melro-,i[iuiam and the well in ifie .tail com- 

• 

jHiurid at I'oimb.itore where in both cases oil-engines 
and pump' h'lve been in use for several years. Other 
ex[ieriments in the direetion are in jjrogress. and 
though the time has not yet arrived when we c.an de¬ 
finitely .ascert.ain the results, there is but little doubt 
of the eorre.-niess of the idea that the deeper we go 
the larger is tlie vohitneof water that can he obtained. 
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LIFT-IREI6ATI0N.* 

My object in presentinj; this pjiper to tlie Industri¬ 
al Conference is to draw attention to the advance which 
has recently been made in the Madras Presidency in 
the scientific study of subterranean water and well 
irrigation, and to jilaceatthe disposal ofllnxe interest¬ 
ed in the improvement of the agriculture of India the 
information which has been gathered in the Irrigation 
Pumping Department tluring the four year.- it ha> been 
at work. 

Although wells and suhterianean water .are worthy 
of the attention of Engineers it is a inalter of regret 
that in India they have been very much neglected in 
the past anil that the cultivators have been left almost 
■dhtirely to their own resources. In 1SK2, t'aptain 
Clibborn, who was afterwards Princijial of the IJoorkee 
Engineering College, submitted a long report on well 
irrigation in the Xorth-West Provinces and ()udh, arriv¬ 
ing at the result that “ well irrigation is only profit¬ 
able under favourable conditions and that there is reason 
to believe that in most districts culliiators have al¬ 
ready very fully availed themselves ol their opiiorturii- 
ties. ’ In Bombay, Mr. F. D., Cam])hell. an li^vecative 

• * Contrihiitod to the Induntiral Conference held at Surat in 
December, ]!I0T. 
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Engineer of the Public Works Department of that Pre¬ 
sidency, sj)ent some months on special duty and as the 
final result of his encjuiries formulated the opinion that 
“ nothing can be done to introduce new or cheaper sys¬ 
tems of well eonstniction or of lifts than those which 
the ryot is already familiar with.” ^luch later in 189G, 
in a rejiort on w'ater-lifts recording the results of some 
experiments on the efficiency of various sj'stems of 
water-lifting, I wrote ” Steam-pnmping machiner}' is 
utterly heyond the means of t he ryots, and the force of 
the wind is too uncertain and in general in India it is 
too weak to he profitably utilised by wind-mills even 
of the most modern tyjie. Animals are, therefore, the 
only soui\-e of jiower available, and watea-lifts in the 
hiture uiusf continue fo be, as they always have been, 
worked by ciitle. Moreover, the Indian agricultural 
jiopulation are so singularly devoid of even the most 
rudimentiirj' mechanical skill that it is absolutely 
necessary that machines intended for their use should 
lie designeo to work without complicsated gearing of 
any kind.” 

At that, time it seemed as though the last word 
Inad been said on the subject of well irrigation, as all 
tiie attempts to improve on indigenous methotls of lift¬ 
ing water had led to no deeisivtfresults,{nnd the engin¬ 
eers who tackled the problem retired bnflled by the 
difficulty of jiroviding a water-lift of superior efficiency 
to the native water lifts without incurring too great an 
initial outlay and without forcing the cultivator to use 
a machine too complex for his comi^ehensiun and be- 
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yon(] the resources of the ordinary village artisans when 
it needed repair. Further the opinion was generally 
held tliroughout the Madras I'residency that few wells 
could be found which would yield sufficient water to 
keep even small pumps of modern constuetioii at work 
for a sufficient time to mrdie it worth while to instat 
them. It was also very erroneously n.-snined that the 
cultivator must keep his hulh.ck,- (,)r agri.-ullural work 
an{l Uiat in their off time they couhl he employed 
working mhotes on the uell> and that muIi work 
jwactically cost nothing. 

In IttOO in an article on - rndergiound water-' 
supply ' I wrote fndergronnd water in India ha.--' 
never been studied projierly hv engineer- oi' geolo¬ 
gists and wells are sunk in a hapjiy-go-lncky man¬ 
ner to a haphazard ilepth. fhey are constructed 
with primitive apjdiance and at small co-t. Expecta¬ 
tions are not u.-ually great and as tliey are generally 
realized the pe'ojile are content. Tlie dej.lh of the 
well is limited by the fact that the )>rindti\e method.- 
of sinking, in vogue among the ryi>ts. prevent tiiem 
going more than a few feet below the hot we.ather 
level of the water. With an engine and p-imp to keeji 
the well dry much greater dejiths might he attained 
and jio.ssibly the supidy of water enormou.-ly increas¬ 
ed." .\iid again in Ittoa, in an article on *■ Well Irri¬ 
gation ■’ the following passage occiiri : “ In the smith 

of India well sinking i.s a very^ primitive business and 
the better the supply of water generally the shallower 
tAe well, A ryo^ wants a well and, having selected a 
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spot which he thinks suitable, he sets to work and 
either sinks a hollow cylinder of brickwork into the 
ground till water in sufficient (Hianlity to satisfy his 
expectations is reached, or be excavates a big rectangul¬ 
ar hole in the disintegrated rock which fnrtiis the 
sub-soil and goes on deepening il till the intlovv of 
water is greater than can be dealt with by the modest 
water-lifting ajipliances at his disposil. Year after 
year, in the hot weather when the water-level is low. 
he may increase the depth b}’ adding to the number 
of mhotes on the well, and in this way many valuable 
water-yielding wells have been sunk, bet u.s suppose, 
however, that the unwateriiig of the well in the hot 
weather is acconi]dished by a |)owerliil engifle and pump, 
the work of excavating will be facilitated and the 
dejitli may be rapidly increased till either the inflow is 
greater t han can be dealt with or jaact ical considera- 
tint,.- indiciile that it is not worth ^while to go any 
deeper.” 

These remarks were conseipient upon experience 
with the working of oil engines. For small jiowei’s 
they had been found to be inex)>ensive reliable motors, 
that recpiired no great amount of skill to run them 
E'. en with kerosine oil as the fuel it was obviously 
pnii-ticable to enijiloy them ?or lifting water under 
favourable conditions, but when later on it was found 
that there was notlifficulty in using the much cheaper 
liijuid fi^el wliieh is imported into India, the posibili- 
ties of their employment were vastly incre:i8ed. Jt 
was not very difficult to convince Uie G-overnment of 
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Madras, in the Irrigation Department, that experiments 
in this direction were well worth trying, and that in 
fact the time had arrived when the question of well 
irrigation might again be taken up with some pros))ect 
of doing useful work and of evolving means of making 
much greater use for irrigation ]iurj)oses of subterranean 
water than had been previously possible. Moreover 
increased experience in the nianagement of the indi¬ 
genous industrial work had led me to think that the 
mechanical inajitilude of the people of this eouritrj’ can 
be cured if proper means foi' tr<iining them are provided. 

One of the causes of Hie jioverty of the peojile oh 
India is the little use they make of mechanical apjili-' 
ances and efforts should he made to effect a cliange in 
this direction. The great rise in the price of food¬ 
stuffs, accompanied as it is by an eijuivalenl or even 
greater rise in the wages of the labouring classes, has 
brought many of the wealthier agriculturists to a simi¬ 
lar conclusion, and it is certain that in the next few 
Years a great advance will be made by the substitution 
of oil and gas engines for bullock-power in many of 
the processes for prejiaring agricultural jirodnce for the 
market. It is necessary tliat this ojiinion should gain 
ground and he more widely accepted and that mechani¬ 
cal engineer-- should* be induced to devote their 
ingenuity and skill to providing simple maebines 
capable of being drii en by engines of a few horse¬ 
power, for such operations a^ extracting oil from seeds, 
the juice from the sug-ar-cane, hulling jiaddy or grind¬ 
ing wheat. It ij true that most of these ojierations 
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can be carried out in an extremely satisfactory manner 
if the scale of working is only sufficiently large, but 
the day for big enterprises of this kind has not yet 
arrived, and for the present it is ilesirable to provide 
s|)ecial machinery which can be worke<l on a small 
scale and which can be jmrehased and set in operation 
with the comparatively small amount of capital which 
as yet is available among individuals. ('o-operative 
enterprise is still a thing of the future and till that is 
realized our efforts must be directed to ])roviding for 
the small capitalist. 

' It is true that there are many machines for doing 
ihi.-i kind of work already on the market, hut save in 
the case of sugar mills 1 do not think Jfhat any of 
them are (juile satisfactory and their use is not extend¬ 
ing as rajiidly as would he the case if they were better 
ada])ted to the work they have to perform. Fortu¬ 
nately for lifting water the centrifugal juiinp is almost 
Ideally suited to the work which it has*to perform. Its 
first cost IS small, it is extremely simple and fairly, 
ei’.icient and combined with the oil-engine there is 
likely to be a wide field for its employment in this 
country. 

It must not, however, be imagined that the oil¬ 
engine and centrifugal pump* will replace to any 
appreciable extent the indigenous methods of lifting 
water. According* to the latest returns (for the year 
IDOo—1!)0G^ there are in the ryotwari tracts of the 
Madras I^esidency upwards of 628,400 wells in good 
working order and a further 61,000 out of repaif. 
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Tin* number in the /amindaris is not known, but tiie 
total for the wltole Province may well Ih* over three 
quarters of a million. To lift water from these wells, 
eitlier the )iioottah or the country iiihote is used, tlie 
number of s|)ecial forms of water-lift heiii}' absolutely 
insisjniUcant. ()ii!y a .small {lercentaoe of these wells 
yield water snfticdent to keep more than a single 
inhote or a single jiioottah at W'ork. Not that many 
of tiiem eoiild not be made to yield a mneti larger 
sujiply of water, but the owners either have not enough 
land to Use the wider on or are too )ioor to proviile (he 
labour necessary to lift, the water. 

The idea, is generally )ire\alenl th.it native 
methoils of IJfling water are extremely cheap -iiice 
the e.ittle inii.st be kejit under any ,'ire;ini-tances, hot 
careful inresligation shows that it is only true within 
certain limits and tho.se limits have already been 
reached. Well enllivation is earried on to the 
utmost e.xteiil jsissihle under the e.xi.stiug eoinlitioris 
grid if any great extension is to lake place in the 
immediate future, it niii.st he by supplying llie ryots 
with additional power for lifting water. .\t the 
same time the cost of that jiower must bn .ery much 
less than that they now j>ay for any wiiik done in the 
way of lifting water winch is beyond the capacity of 
the cattle they kee|)for generid agricultural purposes. 

It is therefore a most important matter that we 
should endeavour to ascerlain^tlie actual cost of lift¬ 
ing water by native methods and at the (mtset it may 
bb conceded that witiiiu the limits already referred 
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to the ryot can lift >cater fairly cheaply. The (jues- 
fion is wliiit he will have to pay, and what does he 
i>ny, for liffiiii{ water when cattle have to be kept 
specially for the work, or when he has to hire cattle. 
Five and Iwenty years a!>o at the Agricultural 
(.'olleoi' l''ann, Saidajief, Mr. Benson, as the result of 
long and (■••irofid trials, came to the conclusion that 
the cost of keeping a )iair of good cattle auinnnted 
to 12 iiiinas per day and that they W'cre cujiable 

of lifting 2 10 <-Mhic feet of water to a height of 2.5 

feel for ''hours a ilay. Or in other words 4,Ot)0 

,cubic feet of w.iler could be raised one foot for one. 
•anna, or an acre-ineb of w.ater could Ire raised 
2.'r feet for lis. Ju tlie last 25*years rates 

iiave ri.'"ii rery I'oiisiderably and tlie cost of lifting 
water ba' increased, s i Ibat under the eou'litions of 
Mr. Henson's estimale it is hiii-dly likely that .3.(U)() 
eubl.- feet (•.'in now hi- raised one foot for one anna. 

Simple as the ])roblem m.ay .seem, it is extremely 
ditlieiib t.i turd out how much work i.s done by a pair* 
o! atlie under normal conditions. Any alteiniit at an 
exjicriinent interferes with the normal conditiou.s. the 
efricieiicy is temporarily incretised tind better re.sults 
are ohtiiiuerl than are possible witliout some kind of 
special supervision. 3’wo yetir.s ago I made some 
eni|uiries in the L'hingle]iut di.strict and I found th.at a 
fair day’s work for*a single mhote wtis as follows :— 
Ouji lift of 2(1 feet, using a bucket holding 20 
gallons of water, .30 lifts per hour would be made for 9 
hours a day. The miuiraum cost of keeping the cattle 
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was Ks. i3 a month and the usual rate for hiring them 
was Ke. 1 per day. Taking the minimum figure this 
works out at 2,1 GO cubic- feet lifted one foot for one 
anna. These figures ore corroborated by some data 
collected by the late Mr. H. A. Moss who was Execut¬ 
ive Engineer in the same district. In a report on 
“ Wells and Well Irrigation in the (Uiingieimtdistrict" 
he states ;— 

“ Water is usually raisetl by ]>icottali when the 
lift is 1 j feet and under, when more, bullock mhotes 
are used. The cost of raising water for about (i to 10 
feet is about 4 pies per thousand cubic feel per one foot 
lift. From 10 to 1 d feet tlie cost comes to about d pies 
and from Id to 20 feet it is about (i pies [ter thousand 
cubic feet jier one foot lift." 

The Chinglepiit district is in no way exceptional 
and the figures obtained will more or lc>s apply to the 
rest of the country. ,4ny great exactitude i> impossi¬ 
ble. but it will not be far from the trutb llien to jiut 
the cost of lifting water either by means of llie jiicottalr 
or the mhote at one anna for e\ery 2.0li0 culiic feet 
lifted one foot. I'nder favourable conditions and with 
water-lifts specially adapted to the work better results 
than this can be obtained. For instance, in South Arcot, 
where there is an abundant water-sujrpiy at about Id 
feet below the surface of the ground, double mhotes 
worked with a rotary whim are largely in use and are 
very much more efficient thaSi the ordinary watei--lifl 
in other parts of the country. It is not, however, with 
the extremely favourable cases that we have to deal. If 
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lift irrigation is to be extended largely thec-onditions will 
generally be more difficult to deal with than has hither- 
.to been the case and the means provided must be capa¬ 
ble of working under a fairly wide range of conditions. 

During the last four years, through the agency of 
the Irrigation Pumping I)ei)artment, we have been grad¬ 
ually introducing the use of oil-engines and pumps 
for irrigation work and have tried them under a great 
variety of conditions, many of them being extremely 
unfavourable and none of them ideal. I do not pro¬ 
pose to burden this paper with technical details, as evi- 
flence regarding the statements which will be made is 
furnished in full in the various official reports which 
/rom time to time are issued by the Department. 

Oil-engines and pumps are only economical and 
their emidoyment therefore can only be recommended 
when the (juantity of water to be dealt with is fairly 
large. If a well yields a thousand cuT>ic feet a day, it 
will give ample employment for a mhoto, but to tnnta, 
It worth while to iiistal an engine and pump the yield 
should be not less than 10,000 cubic feet a day for the 
greater jiarl of the year. It is true that engines 
and pumps are working, and working at a profit, where 
the supply falls below this limit, but the circum¬ 
stances are more or less special and it is doubtful 
if they could he repeated indefinitely. The fol¬ 
lowing figures taken from the administration 
feport ot 1906-07 show what has been the actual 
20 st of working at a number of instayations ;— 

16 
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Number of cubic feet of 
water lifted 

one foot for one anna 


l!K«-07. 

1905-06. 

Melrosapuram 

... .3,1100 

. . • 

Kadiampatti 

... 4,013 

0,400 

Villnjiur.im 

... 3,230 

5,800 

Cuddalore 

... 0,370 

0,750 

Saidapet 

... 8.300 

4,120 

Katalai 

. 

0,500 

Bezwada 

... 3,340 

3.200 


In tbe rP)>oi-t for lOOo-OC it was shown that under 
very favourable conditions a small oil-engine and pump, 
dealing with 210,000 gallons of water per day on a 
lilt of 2o feet, could raise 13,.")O0 cubic feet one foot 
for one anna. This may be considered a maximum sel¬ 
dom if ever attained under actual working conditions. 
The figures given in the table fall very far short of the 
ideal, but the woist are as good as the best that ran be 
obtained from cattle-power and the best show that 
water can be lifted at from one-third to one-fourth the 
cost of doing it by cattle. The larger the scale of 
pumping ojierations, the more cheaply can each unit of 
work be done whilst the indigenous methods of lifting 
water are only applicable on a very small scale and 
would utterly break down if any attemjit were made to 
use them for lifting large quantities of water. 

In the reijort by Mr. Moss already alluded to 
some information is given regarding the duty of water. 
He says: 
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** The cost of irrigating paddy from wells alone is 
expensive especially when the rainfall is at all deficient. 
On the other hand, the return per acre from well-irri¬ 
gated paddy is much more than from that irrigated by 
tanks and channels. It is generally half as much 
again and may he even twice as much, six months 
paddy usually reijuires 40 waterings of about 2,000 
cubic feet per acre. The cost from a well about 15 
feet deep may be taken at one rupee per watering. 
If the land is far from the well it will be more, owing 
to the loss by absor[)tion. If the rainfall is bad, 60 
waterings would he required and the outturn without 
the rain is always deficient. As the water in the well 
will be low the return to the ryot is very small and 
jiadily is not worth cultivating under such circum- 
staiKies. 

*■ Four months paddy reiiuires usually 30 water¬ 
ings at a cost of about Rs. 30. The co^t of watering is 
less than that fur (i months paddy but the return in 
grain is less 

The average area irrigated by a well is about 3 
acres and as paddy re(|uires more water than any other 
crop grown under wells, it is obvious that the average 
yield of the wells is less than tl|jit which can be deduc¬ 
ed from observations on paddy cultivation. Taking 
l\!r. jMoss’s figures we find that 1,333 cubic feet of 
water per day are required for 3 acres of paddy. It is 
therefor*probable that the average yield of the wells 
in this presidency is not more than 1,000 cubic feet 
per day and in many cases it is certsSnlyless than this. 
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In the large irrigation systems where the distribution 
of water is under projter control, the duty of water is 
from 90 to 100 acres per cubic foot ))er second, that 
is to say, a continuous flow of one cubic foot per second 
will irrigate from 90 to 100 acres of land. The water 
used by the ryot yields a duty of 19,') acres, or practi¬ 
cally twice as much, and this is probably the best result 
that can be obtained, as we may be fairly certain that 
the accumulated experience of many genenations of 
paddy gi'owers instinctively prevents the Indian culti¬ 
vator from using too much water. In the note on 
“ Irrigation by pumping from a well at Melrosapuraiii ’’ 
published as an Agricultural llullefin, the data collect¬ 
ed at that station are furnished, and they corroborate this 
estimate. The high figures at Melrosapuraiii are large¬ 
ly due to the use of masonry channels for conveying 
the water from the well to the field. Kven to the rj’ot 
the loss of water jby soakage fi'om his channels is a seri¬ 
ous matter, ihongh the land to be irrigated is close to 
the well. To the man who uses an oil-engine and 
jiump it is still im]ioitaTit as the length of channel is 
much greater, and genemlly it may be assumed that 
the larger the irrigation system and the greater the 
area deriving its w'ater from one source of supply the 
larger will be the percentage lost from the canals and 
the distributaries themselves. 

The cost of lifting water for irrigation by mechanic¬ 
al means depends very larg^y upon the continuity of 
the supply and the number of days during the year 
on which water is’snplied. Interest and depreciation 
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bulk very largely in the total cost of running the plant 
and an economical result can only be obtained when 
the percentage of working hours is large. The ryot in 
one way or another jiays from R«. .5 to Ks. 8 a month 
For the irrigation of an acre of land. In most cases 
this heavy charge is not severely felt, as it is met by 
the utilisation of what would otherwise be bye-products, 
but as soon as these bye-products are exhausted the 
Full cost is felt and the ryot realises that it is impossi¬ 
ble to grow the ordinary crops at a j»rofit. With oil- 
?iigines and pumjis the cost of irrigation varies consid- 
■■rably and for small schemes of from 2(1 to 40 acres 
it may he taken that the irrigation will cost from 
Rs. 1-8-0 to Rs. 3 per month. The larger the scheme 
!lie lower f.he cost of irrigation will be; the best result 
being that which will probably be obtained in the Uivi 
Island I’nrtijjing scheme where 50,000 acres of land 
Me to be irrigated and where the w'ater may have to be 
lifted to a maximum height of 10 feet? It is e.stimat- 
“d that the working e-tpenses will not amount to inor* 
:ban Rs. 2 per acre for the season or an average of 
ibout 8 annas jier acre j)er month. .Vs a lift irrigation 
icheme, the Divi Pumping Project is exceptional in 
•egard to the size of the plant and the extent of the 
irea irrigated, but in many places along the (loast 
nrnilar schemes of a smaller character are practicable, 
ind where the lifl'does not exceed 10 or 12 feet paddy 
mltivatjj^n may be carried on profitably. P'or the 
nost part, however, pumping will not be under such 
Favourable conditions, the lift will jisually be greater, 
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the supply irregular and the 'plant much smaller. 
Even if paddy cultivation pays, there is no reason why 
it should be encouraged, as other and more valuable 
crops can e{.)nally well be grown. People who have the 
enterpiise to instal engines and pumps generally take 
a great deal of interest in the cultivation under them, 
and ns usually they have some command of cajntal, the 
tendency is to go in for intense cultivation and to grow 
crops which yield a very much larger profit ]ier acre 
than can possibly ho obtained when the common food- 
grains are cultivated. So far sugar-cane, jclantains and 
ground-nuts have yielded the best results, hut large, 
profits are also made in the cultivation ofiohacco, tur- ' 
meric and th? ordinary garden crops. su)(]ily of 
Witter which can be relied upon id I the year round is 
practically wasted if it is not utilized for crops which 
require wiiter the w-hole year through. These jire the 
crops which yield the largest return to the cultivator, 
jiartly because the extent 1.0 which they can be grown 
is limited, and ])artly because their cultivation necessi¬ 
tates the possession of a considerable iimount of capital. 
With a ])erennial snpjdy of water under engines and 
pumps the gross return from the cultivated area ought 
to be never less than fts. 100 an acre, ami it often 
amounts to two or threV times this sum. 

When the Kxi)eriment!d Pumping Department 
was first started, the impression ghnemlly prevailed, 
among those who were befit aisjuainted with the 
agricultural conditions of the country, that the 
scope for its opejRtions would he extremely limited 
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because of the difficulty of finding sites where a suffi¬ 
cient water-suj)ply could be obtained combined with 
landholders in the neighbourhood who would have 
sufficient capital to avail themselves of it. The fact 
that there are now about 100 pumj»ing ])lantR at work* 
in the Madras Presidency is evidence that there is a 
much wider field for their emjdoyment than was 
anticipated, and the investigations which have been 
carried on, before installing these plants, have put us 
in possession of a large amount of information of a 
most satisfactory character. (Vrtainly there will be 
absolutely nt> difficulty whatever in irrigating hundreds 
of thousands of acres by engines and pomps if only 
the capital retjuired to lift the water can t)e found, and 
the ryots can be taught to make use of the water in a 
proper way. 

The great obstacles to progress are the poverty of 
the [)eople and the extraordinarily minute way in 
which the land is sub-divided. The smallest area 
which can be profitably cultivated by an engine an^l 
pump is from 10 to 15 acres, and the number of such 
holdings in one block is small. Still there is a 
sufficiently large number to enable a great deal of 
work to be done in exploiting ^this method of lifting 
water, and long before the possibilities of large hold¬ 
ings are exhausted, the owners of smaller holdings will 
perceive the advantage of combining together and by 
co-opei*tion securing to themselves the benefits conse- 

* November till 1, The number of engines and pumps is now 
nearly HHI. * 
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queiit upon this cheap method of lifting water. I do 
not think it is any exaggeration to say that oil¬ 
engines and pnmj)S will prove, and in feet are proving, 
extremely potent agents in the development of the 
material resources of the country. Already in some 
of the rural tracts the rj’ots are familiar with them, 
recognise their merits and regard them as desirable 
things to possess; whilst those who have got them 
have been led to take a much dee])er interest in agri¬ 
culture than the}' did before and being intelligent men 
with cajntal, their ferins are becoming the centres for 
the diffusion of improved agricultural practices 
throughout the country. I am in hopes that in the 
course of a year or two it may be pos-^ihle to form an 
Agricultural Association every member of which will 
be the user of an oil-engine and pum]), the main 
object of the Association being to encourage the exten¬ 
sion of the use of such methods of lifting water and to 
suj)ply the mernl)ers with information which will en- 
alble them to make the best possible use of the water 
at their command. So far Agricultural Associations 
in this country are an exotic growth and without 
official siip])ort few of them would be in existence. The 
Association I am contemplating will stand on a 
diflferent footing, its members will all be agriculturists 
operating on a fairly large scale and keen to make the 
most of the capital they have put into their laud. 

The supplies of water sufficiently large, to give 
employment for engines and pumps are mainly to be 
found in the CoB8t«di.stricls and along the margins of 
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some of the big rivers. In such districts as Coimba* 
tore, where well cultivation has reached its highest 
development on indigenous lines, there are ai)parently 
not less than .5,000 wells which will yield sufficient water 
to give einployinent to an engine and pump. They 
are mostly dee]» wells and the sujiply of water is deriv¬ 
ed from a thick layer of disintegrated rock resting in 
situ on the igneous or liighiy metamorphosed rocks 
which prevail over the greater part of th.at district. 
The well should invariably penetrate the whole thick¬ 
ness of weathered rock as the water annually absorbed 
Viy the ground always tends to move down to the 
lowest layers of permeable rock. This is by no means 
the prael ice of the ryot as the great depths at which 
Ihe water would stand in the hot weather would prove 
an insuperable barrier to extended use of the water. 
(In the oilier h,and in .South Arcot, Chingleput and 
XcrtL Arcot abundant evidence has been obtained 
that over vory considerable tracts of country the 
ordinary native wells can easily be improved so a.', 
to yield etiormously gre.ater sujiplies of water than 
have hitherto been drawn from tliem. In these dis¬ 
tricts the w'aler m.iinly occurs in vast beds of coarse 
sand which form subterranean reservoirs of consider¬ 
able but as yet quite unknown extent. In some cases 
the sand is covered by a comparatively thin layer of 
alluvial deposit atfd the water can be found by sinking 
wells fyvm 1.5 to 20 feet deep. In other eases the 
sand lies at a considerably greater depth and is over¬ 
laid by impervious bed.s of clay„ which have to te 
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pierced, to get at the water. In the South Aroot dis¬ 
trict between Pondicherry and Cuddalore these beds 
are more than 200 feet below the surface of the 
ground, but the water is under pressure sufficient to 
force it up the boreholes and form true artesian wells. 
To the north of Madras similar sand beds are found at 
a much smaller depth, but the jiressure is not sufficient 
to constitute true artesian wells and the water has to 
be lifted in some way or other. Some hundreil.s of bore¬ 
holes have been put down in the l)oltom of existing wells 
and rather more than half have successfullyjtappeil the 
sub-artesian water-supj.ly. Most of the pipes, ire of 4"' • 
diameter and the yield of water varies from .'>(tto200‘ 
gallons per minute. It is probable that in most cases 
a much larger How could be obtaineil by either insert¬ 
ing a pi])e of larger diameter or by deepening the well 
and lifting the water from a lower level so as to dimin¬ 
ish the pressure against which the water is f.nced up 
from below. In one case two 7" [ii[ies have been put 
tiown and the yield of water is over .'lOO gallons a 
minute wliich is lifted out of the well by a 12 h. p. 
engine driving a C® centrifug.al puin]i. In nearly 
every ease these improved wells will yield sufficient 
water to justify the insdall.'ition of engines and pumps, 
hut as yet the people are tofj poor and too dubious 
about the continuance of the flow of water to do any¬ 
thing in this direction. H - year or two they 
will be in a better {)osition to realize ll>'» value 
of the water beneath their lands and may then he 
anxious to avail tleemselves of any means whereby they 
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can secure to a larger extent of land an unfiiiling 
supply of water. 

In the tract of country to the south of Pondi¬ 
cherry many hundreds of boreholes have been put down 
and the water-supply derived from the artesian beds is 
very considerable and it is not im])robable that to the 
north of jMadms the development of sub-artesian water 
will be found to be of similar extent. In other places 
there is reason to su])pose similar water-bearing depo¬ 
sits exist, but as yet they have not been explored and 
their cajwcity is entirely unknown. Where the 
’water-bearing sands occni'nearer the surface and where 
the surfai:e slope of the country is considerable they 
have been drained to some extent by ‘ spring heads ’ 
or l amniK. These consist of a jjond, often of consid¬ 
erable size, which h;»s been excavated till Ibe water¬ 
bearing 'iuids are reached. From the pond a deep chan¬ 
nel with a small bed-fall leads the water out on to the 
lower lands. This channel is generaTly a mile or two 
long and a good deal of the water drained from the 
poml must be lost on its way to the land. The supply 
in the pond is apparently maintained by ])ercolation 
from the beds of sand which lie at a higher level. 
The and in these l.-wums is usually very coarse and 
the flow of water conse(|uently very free. As a rule in 
the hot weather they dry u]) altogether, or the water 
has 111 be lifted <tut of them by baling with jiicottahs 
or mhotes. Unquestionably the installation of engines 
and pumps would enable a very much larger body^of 
sand to be drained of water and it probable that in 
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most cases a perennial supply of water could be 
obtained in place of the present supply which is only 
sufficient for a single crop. 

Where the slope of the country is small it is 
obvious that irrigation by kamtm is impracticable, 
but very extensive beds of coarse sand exist and have 
been tapped and tested in many places .and at no very 
great cost it is jiracticable to put in wells which will 
yield from 200 to dOO gallons of w'ater per minute. A 
considerable number of these have already been sunk 
and there is no doubt tliat they will steadily increase 
in number. It is impossible to say what area of land 
is underlaid by these waterbearing sands in the Madras 
Presidency, 'sut it certainly runs into thousands of 
square mile.s and there is probably water sufficient for 
the irrigation of se\eral hundred thous.and acres. The 
withdrawal of large ijuantities of water will lower the 
level at which it is found, hut there is fair ground for 
assuming that ino>t of these sand de])osits are in direct 
(ainnection with the main drainage lines of the country 
and every fre'h which jtasses down an adjoining river 
will tend to restore the original water level. 

There does not seem to be much hojie tli.at deep- 
seated artesian water-supjilies will prove of value for 
irrigation. In the tjodavari district artesian water has 
been tB])ped in several jilats^s,—by milling prospectors 
in the Polavaram Zarnindari, by the Madras liailway 
at EHore and by various peop'le in the neighbourhood 
of Samalkota and Coeanada. At Ellore a borehole was 
put down to a dep^h of 430 feet and cost nearly Rs. 
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13,000, whilst the yield of water does not appear to 
have been much more than about 3,000 gallons per hour. 

The sandy beds of most of onr rivers are proba¬ 
bly the next most important source of water-supply 
and one which, as yet, has been but little made use of. 
The indigenous method of getting at the water is ex¬ 
tremely ingenious, but it involves the expenditure of 
a very large amount of labour. Channels or ditches 
are dug in the beds of the rivers with a bedfall consid¬ 
erably less than that of the river. In the upper part 
of the channel the water from the surrounding sand 

• 

drains into the channel. Hows down it and is carried 
away through a cut in the river liank. In some dis¬ 
tricts “ dortivu” wells are employeu to iiome extent. 
They are wells sunk in or close to the river bank and 
dei’ive their water-supply from the sand. Apparently 
the engineering work involved is beyond the ordinary 
ryot and such wells are not jiopular. Where they 
exist they recjuire study and where tlTey do not exist 
it is desirable to encourage them as much as possible» 

It has always been assumed in the past that there 
was a slow How of water beneath the sand in the river¬ 
beds and it was tacitly accepted that the spring chan¬ 
nels probably drew ofif most of the available water as 
no large supjdy could ever Be obtained at any one 
])oint. A careful review of the evidence furnished by 
the partial failur# of several attempts to get at the 
water jp the sandy beds of these rivers led to an exam¬ 
ination of the conditions under which spring chan¬ 
nels work, and it was then found ^hat the prevail'ng 
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ideas were erroneous and that there is no flow of water 
in the sand of a river-bed except between pool and 
pool, where the slope of the water plane in the sand 
may be very steep. Below a certain level the sand in 
the beds of rivers is saturated with water which remains 
motionless unless a local hydraulic gradient is 
established sufficiently steep to cjiuse the water to flow. 

Every cubic foot of sand below the saturation level 
contains rather more than 2 gallons of water, so that a 
s<juare mile of sand 10 feet dee]) is a reservoir containing 
over .'ioO million gidlons of water, or sufficient for the 
irrigation of a thousand acres of land, .\llowing for 
the fact that the sand in the ri\'ei-beils is not always 
10 feet deep and that it is impossible to extract all the 
water from the sand hut without taking into account 
any water 20 feet below the level of the saturation 
line it if (jnite certfiin that for every square mile of 
river-bed we might have an e(|uivaleut of square mile 
of irrigation. The problem which remains unsolved is 
b«w to get at this vast (juantity of water. In this 
matter our exiverience is giadually’increasing and one 
certain conclusion is that owing to the resistance which 
the sand offers to the motion of water it is irnjiossible, 
except at great expense, to collect any hirge quantity 
of water at one jioint. Hu the Ilagari river we found 
it a simple matter to obtain I;j(> gallons a minute jind 
for a moderate outlay* we are drawing 750 gallons a 
minute from the river-bed, hut to obtain more water 
than this at our pumping station seems likely to' prove 
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A dif!icult niatter, By sinking wbIIs in the river*beds 
it is found that in most cases a comparatively small 
well will yield 300 or 400 gallons of water per minute 
so that, if a large (juantity of water is to be with¬ 
drawn, a large number of wells should lie sunk at a 
sufficient distance apart to jirevent one well materially 
interfering with another. In many cases these wells 
can be sunk inside the river bank, in others <|uite close 
to the bank and when this is jiraeticable the jmmping 
work may he done by jwwer distributed electrically. 
To get at the water in the middle of the river-bed 
when the bed is very wide is a much more difficult 
matter and may be considered for the present outside 
the range of practical engineering. 

* All the esjierience we have gathered so far points 
to the fact that with brick wells from 12 to 15 feet in 
diameter we can get enough water to supply a 4" 
cent) ifugal ])umj> with a depression of the water sur¬ 
face of 3 or 4 feet. Some day I thinl^there will be a 
chain of such wells e.\tending along both banks of 
most of our river.s and at intervals of about 10 miles 
there w'il! he electric generating stations supplying 
current to electro-motors to drive those pum])s. 

The jterennial flow of most of our rivers is already 
diverted by means of anicut# which in the upper 
reaches of the river, where the bed is rocky, are often 
very numerous, iitiil there are a few cases where the 
water-.supply is wasted by being allowed to flow into 
the sanffy expanses in the lower reaches of the rivers 
and the remedy is obviously to ipstal engines an*d 
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pumps. Of installations of this kind there are already 
one or two at work, and there would he more if per* 
mission to pump could be obtained. 

On the West Coast, in Cochin and Travancore, 
there are extensive tra'tts of irrigated land formed by 
bunding off the backwaters and draining them. The 
system of irrigation i.s of great antitpiity, but of late 
years it ha.s been modified by the introduction of 
pumjting machinery and there are a large numlwr of 
steam and oil engines now employed in draining these 
lands. A great deal of enterprise has been exhibited 
in this work but not mueh engineering skill and un- 
(|uestionalily the Kole cultivation, as it is called, could 
be enorinousty improved by combining irrigation with 
drainage and by ]mttiug the operations in each section 
under one <'ontrol. 

In some of the swamps along the coast and 
in lakes like the Kolair, between the Kistna and 
Godavari river.*, there i> a considerable body of fresh 
trater which only reijuires to be lifted a few feet to 
render it available for the irrigation of the neighbour¬ 
ing lands. Years ago in the Kolair hake and in 
the Lankas bordering on the Uppetevu river such 
cultivation was established uuder steam pumps and 
proved moderately reniOneralive, but gradually interest 
in the matter died out and the pumjiing stations were 
abandoned. The successfuj working! of the oil-engines 
has revived interest in the matter and ]mm])ing has 
recommenced, all the available land being now brought 
under cultivation, 
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In connection with the development of this 
modern ]>hase of lift irrigation the improvement of ex¬ 
isting wells is a matter of great importance and if only 
a small percentage are fonnd suitable for working with 
oil engines and pumps, the absolute number will be 
large and they may become imiwrtant inasmuch as 
they will often occur in those tracts of country which 
are most liable to be affected by the vicissitudes of the 
seasons. Owners of wells have generally some vague 
iilea of the <|iiantity of water they will yield, but they 
have very little notion as to the (juantity of water 
which a .1'' centrifugal pump will lift, and itfrecjneiitly 
,hai)l)ens they want to set up pnm|)s when the water- 
supply is ijuile inadeipiiite. The most satisfactory way 
of investigating cases like this is to first ascertain 
the yield of the existing well towards the rndofthe 
hot weather and then put down an exploratory borehole 
to determine the nature of the surrounding rock. The 
borehole will generally furnish sufficient evidence to 
enable an ofiiniori to be, Ibimed as to whether it is 
worth while to deepen the well. Sometimes the bore¬ 
hole tajis (issures carrying water under pressure and 
materially increases the flow into the w'ell; sometimes 
it reveals beds of porous rock which only reijuire open¬ 
ing out to yield a copious sup])ly»of water. Where the 
rock is hard and the water is mainly found in fissures, 
the e.rplosion of a iifiarge of dynamite at the bottom 
of the borehole will sometimes materially improve the 
supply. 

As yet we have done very little work in this 
17 
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direction, but I am not without hopes from the ex¬ 
perience already gained that when wells can he sunk to 
a much greater depth than has hitherto been the 
native ])ractice, it will be found that the inflow wilt in 
many cases justify resorting to pumping machinery. 
Where we can keep our engines fully employed, which 
means wherever we can command from 1 .')(> to 200 
thousand gallons of water i»e.r day. the depth from 
which it can be lifted, before this becomes an uiii)roftta- 
ble operation, is much greater than is the case in ordi¬ 
nary well irrigation. With this the limit is alwut 
40 feet whilst 1.50 feet will probably be found practi¬ 
cable with oil engines and pmnps. It is not so mud' 
the height to which the water has to he lifted as the 
risking of a large capital outlay in what must of neces¬ 
sity always be an uncertain undertaking which makes 
it at present doubtful whether sinking wells to any 
very great depth is to he encouraged. In some cases 
we have found that a very slight addition to the dejith 
of a well enormously increases the inflow and it is just 
at this point that native well-sinkers have to stop as 
the unwatering of the well becomes an exceedingly 
difficult operation when only inhotes or ])icottahs can 
be employed. 

Where the water is contained in sand it is 
not difficult to frame an estimate of the cost of 
getting at a certain (juaptity of the water and we do 
so by jiutling down an exploratory borehole to ascer¬ 
tain the thickness of the deposit of sanil, which sand is 
itself examined, to determine the size of the grains of 
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which it is composed, but with wells sunk in rock we 
are in no such satisfactory position. We have but 
little more knowledge and much less experience than 
the professional well-sinkers of the country; and we 
shall have to make many experin)ents before we can 
teach the people of tin's country anything. To this 
end we have recently ordered a portable petrol-pump¬ 
ing plant which can easily be carried about and can 
be put down any well and used either for baling during 
(■onstruction work or for observations on the rate of 
inflow. The Government of Madras have also sanc¬ 
tioned a suHieient siiin of money for a systematic series 
,«f tests as to f.''.e ailvantage or otherwise of torpedoing 
boreholes sunk in hard rock. Onr ^irogre^s wilh wells 
(ff this type is not likely to be very rapid unless we can 
sc'-ure the interest and co-ojieration of the mo’e intelli¬ 
gent men who are interested in the imjirovement of 
water-supplies for irrigation. Throughout the country 
tliere is doubtless a good de.al of emiiirTbal infonnation 
♦he (sdlection and study of whitdi would be of value.’’ 
It would help us to make a better start, but 1 do not 
think it will carry us very far on our way as the water- 
fuj>plies, w’hich we are searching for, must lie at a 
much greater depth than is within the range of indi¬ 
genous experience and to maW? them available we 
iciinire an enormously greater supply of jiower than has 
ever been at the ditposal of the owners of wells in the 
past. 

The^tinancial aspects of this method of lift irriga¬ 
tion have already been dealt with to some extent when 
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w«* were diseusaiiig the relative cost of lifting water by 
the old and by the new methods, because in the 
figures given for the new methods a full and proper 
allowance has been made for interest and dejirecinlion 
of the capital outlay involved in setting up a plant. 
In an appendix to this paper will lie found figures 
giving the actual cost of a number of a installa¬ 
tions which have been set up. The cost, ]ier acre 
brought under irrigation varies considerably. It may 
be as low' as Its. oO an acre or as much as Rs. 200 an 
acre, but obviously for high-class cultivation where the 
yield jier annum may lie valued at Rs. 100 or Rs. .'>00 
an acre it may jiay very >vell t<i c.viiend a great deal, 
more than ,Rs. 200 per acre to gel a good sup)ily of 
water. In Uhe De<-can, under some canais near 
Poona, Rs. .aO per acre is the water-rate on land 
growing sugar-cane, and in this Presidency many 
gardens and plaidations could easily stand a water-rate 
of a similar amount. It would have afforded me very 
•great satisfaction to have jiresented accurate figures 
regarding the working expen.-e- and return on a num¬ 
ber of farms where this new system of lift irrigation 
prevails, hut iio one cares to furnish them. There is, 
however, am]>le evidence that it is very profitable and 
thf best indication tliAt it is appreciated is to be found 
in the fact that the rate of increa.se in the number of 
insUllations is greatest in those ])laces where the num- 
Vier is already largest or where they have been longest 
at work. In ordinary years and under nortnal condi¬ 
tions, given a sufficient water-supply, there should he 
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no difficulty in turning it to very profitable account, 
nut often with oil-engines and puinjis the greatest pro¬ 
fit will be made in years when the season is unfavoura¬ 
ble, scarcity jirevalent and prices high. 

In many cases oil-engines and |iumps may he 
•jse<l to sn[iplement other sources of supply and con¬ 
vert agriculture of an uncertain type into one of great 
certainty. One of the earliest installations in this 
Vresidcncy was erected on the banks of the Oauvery, 
foini which river the water-su])))ly to the pump is 
ilerived. The lands ordinarily dejjend uj)on channels 
from the river for irrigation Vvaler, but this is e.xf.reinely 
•incerlain, and partial or total failure of the erops 
occiired at such frei|uent intervals that life owners of 
tfie land ileri\ed nothing from it and the ryots who 
cuKivated it earned a precarious livelihood. Over a 
tract of ?<iiO acres a 12" piiinji Iia* completely changed 
,his. Tlie natural watev-snpidy ma^ fail, hut the 
pump is there to take its place and the whole area 
c..'i l>e converted to perennial irrigation. The owner* 
repoits that during the last eighteen months .55 acres 
have been under plantain cultivation and have yielded 
a gross return of over Its. -KK) per acre, or about 
one-am; a-half times the whole of the capital outlay 
on the inimping jilant. In a good year the return 
from ])addy enltivation would have been about Its. 50 
per acre and the tk*! profit very small. Under plan¬ 
tains the^net jivofit on the r.j acres must have been 
sufficient to ])ay 50 per cent, on the initial expenditure. 
The area under perennial irrigation, such as plantain 
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or SHgar-cane, would have been much larger, but it is 
restricted to 60 acres at this place by the Revenue 
authorities lest the waler-sujiply to lands lower dowtl 
the river should lie interfered with. 

From the figures given in the ajipendix it will be 
seen that the ininiinuni cost of a pumping instnllatii>n 
is about Ks. 2,000, and the actual out-of-jjocket work¬ 
ing ex|)eiises. being the necessary exj)ei)ses for fuel, 
lubricating oil, stores and repairs, will be about Rs. .'lO 
a month. The installation of engines and pumps i.. 
therefore a financial o)>eration of considerable magni¬ 
tude even with com]>aTatixely wealtliy ryot-. Very 
few, if any, have snfticient re.ady money, and a I'ertain' 
number of installations have been jiaid for by loans 
under the .^gricultul•al l.and linjiinvemenl l.oans Act, 
such loans being usually rejiayable in twelve annual 
instalments. This metliod of financing these pumping 
schemes wouldjie entirely salisfnclory were it not for 
the difficulty which the borrowers exjierience in finding 
the necessary security. Aly experience is ihat the major¬ 
ity of the ajiplications for bans are rejected for this 
reason and if may jiossibly be desirable in the future to 
amend the Act so ns to jaovide greater facilities for ob¬ 
taining loans for the purchase of engines and pumps. If 
the machinery could betaken into account when assess¬ 
ing the value of the security for the loan, there would be 
no difficulty and loans woujd be freely applied for. 
(treater success has attended the sale of engjnes and 
pumps under the hire-purchase system which has been 
worked out by*Messrs. Massey A: Co. I nder this 
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method the would-be owner of the pump has to pay 
one-fourth of the money down and the balance in 
instalments generally extending over two or three 
years during which time he has to pay 9 per cent, 
interest on the balance debited to him. He is thus 
able to get his engine and pump for a comparatively 
small initial outlay and to pay the balance out of 
profits accruing from the use of the pump. So far the 
system of w<irking has proved satisfactory and it is 
probable that it will be resorted to very largely in the 
future when it becomes more generally ivcognised that 
Irrigation under oil-engines and pumps can be 
• made a very jirofitable business. The hire-pur¬ 
chase system is a very vicious one ^hen applied 
Co afford facilities for the purchase of unproduct¬ 
ive gooils by those who cannot afford them, but it 
has distinct merits in some eases and is an extremely 
simple method of financing small industrial undertak¬ 
ings as il provides the small capitalist with the 
e juivalent of money on fairly easy terms. It is jmssi* 
hie that a great deal more might be done in this way 
if fi-overnmeiit took the matter up, purchased the 
engines and pumps themselves and sold them on easier 
terms th.-in j)ri\ate firms can do. The risk of loss will 
be very small as the engines aiftl pumps would remain 
the ]iroi)erty of (fovernment till they are fully paid for, 
and ihey would tnever be sold except for use under 
conditions which after investigation by the expert 
officers of (.lovernment are reported to be satisfactory. 

The number of oil-engines in use in this Presi- 
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(lency for minor industrial undertakings as well as 
for lifting water is growing rapidly and there has 
naturally sprung up a rather keen demand for meir 
cnjmble of driving the engines. The extreme 
simplicity of the oil-engine renders it ])ossible to 
train fitters to look after them in a few day.s and 
there ha.s never been any great difliculty about 
getting drivers, but a good fitter is rather wasted when 
put to drive a small oil-engine and his ]>aj’ adds (juite 
unnecessarily to the working exjjenses. In ^ladras we 
have stiirted a school for Oil-engine Drivers, where 
practical instruction is given in the driving of various' 
kinds of oil-engines and the ])upi!s are put through an ■ 
elementary course of fitting so as to enable them to 
fake the engine to jiiece.s, clean the parts and fit them* 
together again. Anything more than this it is not 
considered neces.sary that a driver '■hould know. Jf 
the engine really gets out of order, it is better tliat it 
should Ire overhaliled by a skilled mechai.i<- and the 
driver in charge of it should be nothing more than a 
driver. A good many peojde, who have bought engines, 
have sent their men or servants u)! to this school to be 
trained, and after a course of instruction lasting fnrm 
3 to C months they are generally found (juite cajtable 
of looking after the engine. In this way ()il-engine 
Drivers can he provided at a cost no greater to the 
owner than if he had to provi(je a mifn to look after a 
pair of bullocks. With large engines the saving in 
tWs direction is not a matter of much importance, but 
with small plants the fact that local men could bp 
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trained to do all the work that is necessary has tended 
much to increase the popularity of these engines. The 
Engine Driving school was originally started in the 
School of Arts, hut it has now been taken over by 
and forms part of, the ('hengelroya Naiker’s Technical 
Institute. Tlie class is popular as the men who pass 
througli if can always obtain work. 

The fact that large motiefary transactions are in¬ 
volved wherever oil-engines and jiiimps are set up and 
where the fuel for working them has to be purchased 
and paid for in cash has in a remarkable way led to a 
’more definite apjireciation of the monetary value of 
irrigation. This is .-till more emphasized by the rise 
in the price of food stulfs and the teijdency to pay 
Tarm labodrer.s in cash in.-<tead of in kind. The farm is 
ii(j longt-r so self-containe)l as it W'as, the wet king of it 
necessitate.' transactions outside the village and the 
crops have to lie 'clecteil by the ryots not merely with 
a view to tlicir own internal reijnirenltnts and to meet 
the demands >if (iovernment and the District Hoard, 
hut also to meet the. charges connected with the work¬ 
ing of the engine. Dutside markets have to be studi¬ 
ed to a greater e.vtent than foimerly and the cultivator 
is brought into more intimate contact with the outside 
world. (ff course the movement is a very small one 
•it present, hut the tendency is one in the right direc¬ 
tion and sliouhl ifitiinately conduce to the develo]tment 
and edj^jcation of the agricultural community. 

In the South Arcot District where more pumps 
have been lilted up than in any other part of the 
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country and where nearly all the wells have an un¬ 
failing supply of water, the owners of pumping plants 
are beginning to raise water and sell it to their 
neighbours when they do not want it themselves. At 
the Fanampet pumping station which was leased 
to .’Mf'ssrs. Farry & Co, two systems of selling water 
were tried, (rround-nut crops were irrigated for 
Rs. 5 per acre per month and for other crops the 
whole supply of the pump was sold to any ryot who 
wanted water for a fixed rate per liour. This 
practice is very largely in vogue in the AVestern 
■States of .America where water for irrig.’ition is a‘ 
vital nece.ssity, and if it is once recognised in this . 
country that,, water is a commodity whicli can be 
bought and sold, it will probably greatly .-imiilify' 
some of the j)roblems connected with the develop¬ 
ment of this kind of irrigation. Where the waler- 
snpply is very abundant and where the ryots ha'e 
no capital and the land is sub-divided into small 
fjJots, it might be practicable to establish local 
water-supply companies w'lio would raise water and 
sell it to the ryots either for a sliare in the produce of 
the land, or for a fixed rate per unit of volume or a 
fixed ch.arge per acre irrigated. If anytliing of this 
kind is to he brought atkmt. it will ])roha!)ly he neces¬ 
sary for Government to jrioneer the way and to |trovi(ie 
sufficient legal protection to yiduce tapital to flow in 
this direction. 

It must be recognised that only in a few places 
will't be possible to pump barge (juantities of water 
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from a single source of .«uji])ly. The wells must be 
numerous and it will probably be found most economic- 
•al to have a single power-generating station and to 
distribute the power electrically, driving centrifugal 
pumps with electro-motors, l^arge j)ower-stations are 
much more e(!onomical tliiin small ones, and it is (juite 
j)ossihle to put in motors ami pumps that recjuire no 
more supervision than that a man should go round and 
oil them once a day. Such water-supply corporations 
exist in Ait:erica and have worked successfully for 
years past, and it is ipiite cc'rtain that there are no 
engineering difficulties worth .sjieaking of. On the 
other hand in India, it will reijuire an immense amount 
of tact and patience (o get the advanta.ges of such a 
'system acknowledged. To make it profitable, intensive 
cuitiwition must be ado]>ted, and even if th<- capital is 
forthcoming to enable this to he carried on, it is doubt¬ 
ful if the ryots posse.ss thereijuisice exjierience to make 
it a succe.'.s. After studying the (]u»?tion of the better 
utilisation of subterranean water for but. a very shiwt 
time [ am convinced that there are no serious difficul¬ 
ties from the Kngineer's point of view, either as to a 
sufficiency of supply or as to the cost of raising it 
above the ground so as to make it available. On the 
other hand, the i>ractic.al arfiiiinistrator, who would 
like to make use of this water and apply it to the land 
so that the peopJh may be placed in a position which 
will enable them to carry on their agricultural work 
with a fair amount of certainty, will find the achieve¬ 
ment of his wishes a task of extreiue difficulty. 



268 


LIFMRRIGATION, 


The purchase of land is a favourite form of invest¬ 
ment in this country and the line of least resistance 
seems to lie in the direction of eiicouraj;in}; people 
who have amassed wealth to jnirchase land which is 
ca]iable of imjirovement and to reserve a considerable 
amount of their cajiital forthe improvement of the 
land they have jjurchased. .Money invested in land 
yields a veiy jwor return, hut, judiciously invested in 
the imjirovement of land, the results are likely to be 
much more jirofitahle and the value of the laml jierma- 
nently increased. The work which is heiiio done in 
this direction by men like iMr. (iopinalha Tawkei, at 
Surajiet, Mr. Tota Kamannjam Ciictty, at Katalai, Mr. 
I’andurariira Jlmlaliyar, at (hidilalore, .Mr. Tilla (fo- 
\inda (Iramani, at Nellikujijiani. INfr. .Vhraham I’andi- 
ther. at T tnjore, and by many others, is jiimieer work 
of the utmost jiuhlic '.alne and deserves recoenihon at 
the hands of their fellow countrymen. 

Irrieation bf iiumjiinK is .still in its infancy, hut, 
the ^Hccess which has .already attended the earlier 
installations renders it certain that it will grow rajiidly 
and there rs a vast Held for it in Southern India. Wiiat 
has heel, aceeniplished so far is the direct result of the 
modern de.clojiments of the internal combustion 
engine in its \arious iorms. ami there is reasonable 
ground for hoping that further imjirovements may be 
effected in the future rendering m'*tivH jiower still 
cheajier and jiumjiingajijiliances mor“ effective. 
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IRRIGATION BY PUMPING* 

f)ne of the many difficaltieh which Iwve to be 
faced, by thosie who are strivinjj to improve tlie econo¬ 
mic situation in tlie South of India, is the higli price 
which lias to l)e jiaid for fuel, owinsj to tlie fact that 
iiowhere south of Sint;areni in the Hyderabad State 
has coal been found to exist in workable deposits. The 
few possible sites, where water-power can be obtained, 
are in remote and almo.st inaccessible situations, and 
the time has not yet arrived for the*vast schemes 
which mu.st be worked out to enable such of those 
natural sources of power as we pos.sess to be utilised. 
Miicli must be done before a rival can be set u)i to the 
great electric .system of power distrilnition which the 
Mysore Slate has created within its own territory. 
There are no great engineering ditficulties to he faced, 
and the generating stations could he set up cheajdy 
enough. The difficulties are due to the lack of indus¬ 
trial organisation and the petty nature of the widely 
scatteied demand for power which would render the 
cost of distribution prohibitive. I'nder these circum¬ 
stances the internal combustion engine, which has 
lately been brouffht to such a high degree of jierfec- 
tion, has proved an ideal source of motive power. 

• Contributed to the Induatrial Conforence held iu MadresTii 
December 1!IU1‘. 
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Within the last year or two, hundreds have been jiur- 
■chase-d and are now supidying power for pumping 
water for irrigation, for the water-supply of towns, for 
drainage works and for driving rice hulling mac.hinery, 
oil mills, coffee pnljters and tea-making machinery. 
Kor a variety of miscellaneous pur]) 0 .ses they are also 
employed, but in the main for those already sjiecified. 

So long as liijuid fuel is available at somewhere 
about the present jirices the ordinary type of oil 
engine is the most convenient form of internal combus¬ 
tion motor to employ for small powers, hut for units of 
over 2(1 h. ])., e-jiecially in tlie neighbourhood of 
forests where timber is chca]i and charcoal can be 
manufactured in large ijuantities, the suction gas 
producer jilants are uni|uestionahly superior; whilst in 
special cases, where \ cry large amounts of power are. 
reijuired, the Diesel form of oil engine working with 
li(]uid fuel furnishes the most economical motor at 
present available. Kerosine oil is too e,\pensive a fuel 
t' employ in oil engines and the continuance of the 
su])ply of liijuid fuel at the jjresent prices, or in fact 
at any reasonable price at all, is by no means a certain 
matter, it is therefore desirable that as far as possi¬ 
ble. efforts should be made to e.xtend the held in which 
suction gas producer plants can be employed with 
advantage. It is important to remember that the 
charcoal they need is a lojsal product, an extensive 
demand for which would greatly benefit the very large 
areas of reserved forest in this Presidency. It would, 
1 think, be almost a fatal error to build up an Indus- 
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trial system in Madras based upon foreign sources of 
fuel supply and the oil engine should be regarded 
as a temporary expedient which luust ultimately give 
place to engines using gas. Obviously therefore we, 
in Madras, should devote ourselves to the introduction 
of suction gas producer plants and the improvement 
of the methofls by which the wood in our forests and 
jtlantations may be converted into charcoal and the 
various liye-[iro<lucts for some of which there is a 
considerable ilematitl. The destructive distillation 
of wood is a chemical industry of considerable im¬ 
portance in other jiarts of the world where the natural 
facilities for carrying it on are no greater than 
those which exist in the south of India. For more 
than a year past, it has therefore been the subject 
of detailed study and investigation with ve.'y promis¬ 
ing results. I'nfortunately it is a liighly .sjiecialized 
industry of which we possess no experience in this 
country ii'id if it is to he worked with commercial 
success it must be started on a large scale. Tlje 
eni)uirit‘s made out here must therefore lie supplement¬ 
ed by fin ther investigations in Europe and America 
before it can be definitely stated that it would be wise 
for private enterprise or (rovernment to provide the 
founds re<]uired for the first ffwtory. 

In llie present paper I do not projiose to pursue 
these ideas any fcrther, as it would lead us into the 
discussion of highly technical matters which had best 
be leff for the consideration of experts. I^ast year one 
ol the papers, which 1 presented to the Industfial 
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Conference held at Surat, dealt with lift irrigation and 
1 would ask you to regard this pa]ier as a second 
contribution on the same subject. Jly ex(!UBe (or 
bringing ithtrward again after so short an interval is 
that it is one of great im)iovtance and the movement 
in favour of employing mechanical means for lifting 
water is making rapid jirogress. Exjieiiments were 
first started early in 1902 and at tlie end of the 
following year the results obtained were <'onsi'!ered 
sufticiently valuable to justify working on a more ex¬ 
tended scale and a special stall was ]iro\ hied to carry on 
the work. In .\pril 1!)(!,') eleven oil engines were at 
work, in 19()(i thirty-live engines, in 11M)7 lltty-fonr 
engines and in 1999 ninety-four ctigines. whilst at the 
present time (December 199H) it is probable that there 
are about lot) engines either actually pumping or in 
course of erection. During these liu'yeai-s tl,e .Madras 
(iovernineut have expended iipwarils of a lakh of 
rupees on this work, chielly in niainl.aitiing an estab 7 
Ijshment to assist jirivate per.-ons in installing such 
means of lifting water and in putting down lioreholes 
to ascertain wliether water-bearing strata exist at any 
reasonable depth below the surface of the ground. In 
a small way cxperitnents have also been made to ascer¬ 
tain tlie efl'ect of tor])ed».ing. or blowing np with dyna¬ 
mite, boreholes put down from the Irolloiii of the large 
rocky wells which are foui)(i in mjjny jiarts of this 
I’residency. 

As not a few insllatiuns have been at work for a 
considerable time it ought to have been po,ssiI)le to 
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have collected a large amount of valuable information 
regarding their working; but unfortunately my efforts 
in this direction have met with but a small degree of 
success. This is for two reasons: (1) Many of the 
owners of engines and pumps are averse to giving any 
information regarding them, as they fear it may be 
subsequently used to their detriment whenever the 
next revision of the settlement occurs, and (2) others, 
and they ju-obably form the majority of pumj) owners, 
see no necessity for keejdng accurate accounts, and as 
no small part of their transactions are still in kind it is 
difficolt to get at the real facts. However they express 
.themselves satisfied with the working of their engines 
and pumps and their neighbours are following their 
wotample, so that it may be concluded that they have 
done well by themselves. Already the number of 
pomfiing stations is so large that it is impossible to 
keej> in toucli with them all and I am unable to 
supply any accumte summary of the ffork which they 
are doing. Tlie total horse power is over 1,200 and* 
the total capacity of the pumi>s nearly five million gal¬ 
lons per hour. If our estimates regarding the quantity 
of water which should be supplied to dry crops are at 
all accurate this volume of water for ten hours per 
day would suffice for the irrigrftion of about 11,000 
acres, but it is quite certain that the actual area 
irrigated is far below this figure. This is partly 
due to the fondness of the ryot for cultivating 
[)addy, ifhich requires a very large quantity of watei^ 
but from which, at the present prices, he derives con- 
18 
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siderable profits even when the water has to be lifted 
by an engine, and pump. It is ])robable that about 
5,000 acres are iiTigated by engines and pumps and 
the whole of this area is either double cropped or 
devoted to the cultivation of such crops as sugar-cane, 
plantains, and turmeric which remain {>n the ground 
throughout the whole year and which yield very large 
returns. 

From the detai!.--. of cultivation, furiii.-hed by the 
owners of pumjang jdants and carefully scrutinized 
by my Sni)ervi.sors, it will he seen that the irrigators 
are inclined to ado))t a very intense system of cultiva¬ 
tion and that as a rule the gross value of the crops per 
acre is seldom less than Ks. 100 and often a great deal 
more. The necessity for artificial maniirt-s has been 
forced upon the attention of the cultivator' and a 
gowl <leal of experimental work is in progre-s to deter¬ 
mine the best w.iy of preventing the exhaU'tion of the 
jsoil. 'riiere is a tendency to use too miicli water, a 
mistake seldom made when it has to he lifted Ity cattle 
power or by men working [ticottidis. Thi.' is due, in 
most cases, to the owners of wells being sdde to obtain 
more watei than they really re(juire for their land 
and the remedy will jjtobably be found in the more 
extensive adoption of the system of .selling water, which 
has already been introduce^. Thcuowner.s of most of 
the ]iumping stations are intelligent and energetic men 
with capiUil at their di-posal, and any a.S'i'bmte which 
can be given them bv the Airncultural Deoartment is 
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likely to jivove labour well spent and to be productive 
of good results. 

■ The following notes regarding the working of 
a number of installations have been compiled 
from iuformivtion supplied by the owners of en¬ 
gines and puni])s. The data have been care¬ 
fully checked mid I think they may be regard¬ 
ed as suflicienlly accurate for practical jmrposes. ]n 
very few instances have any records been kept of the 
ijuiiiber of hours the jiuuips were at work so that the 
figures regarding the cost of working afford no infor¬ 
mation as to the actual cost of lifting water. In almost 
every instance it will be seen that the cost of lubricat¬ 
ing on is a very large [lercentage of the* cost of run- 
*ijing the engine and there is reason to susjii'ct that in 
this direction there is considerable waste. This is 
counterbalanced, however, by the low cost of wages :— 
(1) Installation ofaVi li. p. engine and d" 
pump at Kalinjiku]ipam. This was put down by 
-M. It. Ity. Ilcsikacharri, a retirerl jilender at 
Tiruvcndi]mram in the Soutli .Vrcol district. The 
well is 2(1 feel in diameter and 2l> feet deep, and it 
irrigates ! s acres of laud which was formerly dry. 
Dealing with the year ending Se]itember 1908, 8 acres 
of paildy were grown hetweeii Oi'lober and .March and 
the value of the crop was Its. 270. A second crop on 
the same laud between May and August yielded 
Ks. ISO. (.croundnut and ragi were grown I n 10 acres 
between .lanuary and .luly. The groundnut croji wjs 
worth Its. 1,000 and the ragi Rs. oOO, the total value 
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of the crojw during the year amounting to Ks, 2,250. 
The working esjiense.- of the engine amounted to 
Ks. 552-8-0 made ujj as follows ;— 

ns. A. P. 


J,ujiud fuel 

Wages of driver at Its. 6 a 
month 
Kerosine oil 
Lubricating oil 
Repairs 


:500 0 0 

72 (I II 
24 0 0 

9(1 S 0 
6 0 0 


Total ... 552 8 (i 


No accurate figure.- ha\e been funii-heil ivgard- 
ing the cost i f cultivation, but the following estirnati- 


is probably not far from the truth ;— 

US. 

Each jjadily crop at Its. 20 per acre ... .‘>21) 
Cost of groundnut cultivation at Its. 4ii 
jjer acre ■ ... ... ... 400 

Cost of ragi cultivation at Its. 25 per 
acre ... ... ... 250 

Total ... 970 


'J'he total working exjjenses were therefore 
Its. 1,522— 8—() and tlie profit Rs. 727—8—0, The 
cost of the installation was Rs. 3,065. 

(2) Installation of a Sib. h. p.' engine and 3 in. 
pump at I'anamkuppam belonging to M. R. By. 
iyinivasa Gounden. The water-supply is derived from 
a well U feet in diameter and 20 feet deep and the 
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area cultivated is 20 acrea of land which was formerly 
dry. The whole area has been leased to ryots at a 
•rental of Rs. 75 per iicre and the net yield to the pro¬ 
prietor is Rs. 1,500. Ilis son drives the engine and 
the expenditure during the year was Rs. 250. Allow¬ 
ing Rs. 10 a month as the value of the services of the 
driver the gross profit on the installation amounted to 
Rs. !,1.30. Tliis is a very good return on the capital 
cost of the installation which amounted to Rs. 1,707. 

(5) Tnsbillation of a 9 b. h, j). engine and 4" 
piimj) at Xplliknp])am lielonging to M. 1!. Ry. S. Tilla 
(lovinda (Jrarnini. The well is 20 feet in diameter 
and 18 feet deep and derives its water from a bed of 
coarse s.and. The water-supply is more than ample, as 
'the area under cnltiv.ation is only 15 acres. Krom March 
to .Tilly the whole area was under groundnut and from 
September to .lanuary under paddy. The value of the 
groundnut croji was Rs. 2.(125 and of the paddy 
Rs. 1.575 making a total of Rs. 4,?00. The cost of 
working the engine amounted to Rs. (lR.T-1-1 made up 
as follows;— 


l.iijuid fuel... 
Lubricating oil 
Kerosine oil 
Ifepairs and belting 
Driver’s wages 


RS. A. I’. 

.S18 15 4 
138 2 (1 

47 7 (1 

58 8 0 
120 0 0 


Total ... 683 1 4 
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Cultivation expanses amounted to Ks. r)13-12-0 
for the groundnut crop and Rs. 597-3-0 for the paddy 
crop. Against a gross yield therefore of Rs. 1,200 
the expenditure amounted to Rs. 1,794-0-4 and the 
gross profit to Ks. 2,40(i. The cost of the installation 
was Rs. 2,7.')0. 

(4) In.stallation of a 7i h. h. j). engine and 4" 
jramp belonging to ,Mr. Balagurumurthy (’hetty at 
Punjerikuppam. Thewellisl7 feet in diaineler and 
23 feel deep and the area under cultivation is 23 acres. 
Fifteen acres were under groundnut and suhscijuently 
under ragi, 5 acres under gingelly and 3 acres undei ' 
paddy. The value of the crop.- grown wa,> as follow,-;— 


KS. 

tiroundnut ... ... ... 2.2KO 

Ragi ... ... ... 72(1 

(iingelly ... ... ... 

Paddy ... ... ... d.'d) 

Total ... S.dO.'i 

No accounts were kejit of the cost of running the 
engine or the agricultural expenses, but they may be 
estimated approximately as follows :— ns. 

Fngine ... ... ... (jOO 

(Iroundnut crop ' ... ... (iOO 

Ragi ... ... ... ... 375 

Cringelly ... , ... , ... (0 

Paddy ... ... ... 120 

Total ... 1,735 
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This leaves a p-oss profit of Its. 1,870. The cost 
of the installation was Us. 3,200. 

(5) Two installations belonging to M. K. Ry. 
iS. Panduranga Mudaliyar of (luddalore, one a 9 b. h. p. 
engine and 4" pump and the other a 9^ b. h. p. engine 
and 4" pump, blach of these installations works on 
a well 3(i feet deep from which a certain amount of 
water is derived by iiei-colation, but the main supply 
is derived from beds of sand in which the water exists 
under sufficient pressure to rise ,to within 15 feet 
from the ground. In both the wells the borings are 
lined with ii 7" pipe, sunk in one case to a depth of 
• 84 feet from the ground level and in the other to a 
depth of .'■>8 feet. 'I’he total area under the two in¬ 
stillations is 48 acres and during the year the follow- 


irif; croj»s were ji;rown 

• 





Crop, 


Area. 

Cnltivat^n 

expenses. 

Value, 




ACS. 

BS. A. r. 

KS. 

A. 

p. 

Paddy 


Ilt-22 

201 (I (1 

531. 

0 

0 

Plant'finK . 


275 

202 8 0 

688 

0 

0 

Siigar-L.*ixio 


4-28 

430 14 0 

192 

0 

0 

(troundnnt 


(»*I5 

>18 0 0 

701 

0 

0 

Ragi 



1 1 

240 

0 

0 

Groundnut 



f 2.'>2 0 0 

1,348 

0 

0 

Ororndnut 


2 00 

! 1 

220 

0 

0 

Giugelly and liidigo * ... 


131 12 0 

( 80 
( 216 

0 

0 

0 

0 

Ragi ^ ... 


3-OU 

7tt 0 0 

135 

0 

0 


Total ... 

... 

1,642 2 0 


0 

9 
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The working exjienses of the two engines were 


Es. 904 made up as follows :— 

Liquid fuel ... ... 440 

Lubricating oil ... ... 148 

Kerosine oil ... ... li) 

Driver’s wages ... ... 204 

Repairs and belting ... ... 72 

Total ... !I01 


The gross protif, amounted to ]{•;. LUOS—14—0 
whilst the cajiital co.st of the two iiisfiillatioiis was 
Its. 7,000. 

(G) Installation of a 94 b. li. ]). engine and 
C* pump belonging to (ioverninent and lea.sed to 
M. It. Ity. V. Suhramania Aiyar of I’anampet near 
Villupurain. 

The v.'ater i.s derived from a tank GO feet sfjuare 
♦and 18 feet deep. The puTiji is mounted on a well 
8 feet in diameter and 2G feet deep at (he tdge of the 
tank. The land under irrigation belongs (o the ryots 
of the village and they buy t he water-sujqily from the 
pump, paying for it iit the rate of 11 annas per hour. 
The area inigated during the year was 70 acres, which 
from .lanuary to .lune was under ragi and groundnut 
together ; whilst in July, A’Ugust ftnd Seiitember .70 
acres were under Katnbu and 20 acres were under 
thenai. It is only possible to form an approximate 
estimate of the v^lue of the crops;— 
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KS. 

Ragi 

... 2,240 

Groundnut 

... 6,300 

Kambu ... 

750 

Thenai ... 

825 


Total ... 10,ll>'i 


h’roin .Fanuary till tlie end of August the engine 

orked 2,323 hours as follows 

HOUlte. 

.lanuaty 

... 

. 153 

February ... 


. 2.35 

March 


... 305 

April 


. 481 

May 


. .)40 

.1 une 


. 382 

July 


. 183 

• 

August 


. 44 

Total ... 2,323 


Assnining the average diseharge. of the pump was 
a.'),(iOO gallons per hour, (he duty of water obtained 
in April and May was 9."> acres*and 8-1 acres per cusec. 

low duty is mainly due to the jwrous character 
of the soil, whiel^is a light loam overlying a bed of 
coarse sand. 

The working exjienses amounted to Rs. 1,018-1*6 
made up as follows:— 
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K.S. 

A. 

P, 

Liquid fuel.. 

,. 492 

15 

0 

Lubricating oil 

. 104 

8 

0 

Kerosine oil 

,. 28 

6 

3 

Driver and watchman 

.. 1S4 

0 

0 

Repairs and belting 

.. 20K 

4 

.3 

Total 

.. 1.018 

1 

(i 


The income by «nle of water was Ks. 
and the net jirofit to the lessee was !{>. ')lti-7-0. The 
cost of this installation was about l!s. o.dltb. so that 
selling the wilter from the ])um|i at 11 annas^)er hour 
was not a very profitable transaction and the jn'ice 
charged would probably ha\e been much higher had 
not the installation been hande<l o\er t<» the lessee 
tree of rent for a^period ol three jears as an exiieri- 
inent. On the other hand the rj’ots benefited very 
considerably as is shown by the demand for waiter 
which in May neces'itated running the engine for 
54t) hours. At first ryot“ were very averse to running 
their engines more than seven or eight hours a day 
and entirely opjtosed ,to running them during the 
hours of darkness, bat rilready where the water-supply 
permits of it the engines are j-un da}j and night when¬ 
ever necessary. 

• 

(7) Installation of a 7i h. j). engine and 4" [)ump 
belonging to M.^U. Ky. A. Venkatasuhba Keddiar, 
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Arukilavadi village near Arkonam. The water is 
derived from a well 10 feet in diameter and 20 feet 
deep. The total area under cultivation during the 
year including second ero|i was 41i'i acres yielding the 
following return :— 


Paddy 

Kagi 

Groundnut ... 
Uingelly 
Plantains 
Garden produce 


ACS. us. 

20 1 , 2 !) 1 

280 
8 300 

(i 220 

1 100 

l.'i 


Total ... 2.2«1 

0 _ 

The cost of cultivation amounted to 11s. .'fiO and 
the working exjienses of the oil engine to Us. 508 
leaving a grosn jirofit of Us. !)33. The cost of the 
engine and jimnp was Us. 2.535. 

(8) In.stallntion of a 5" pump and a i2h. p.« 
engine belonging to M.U.Uy. Govidaswami Nayudu of 
Natham near Gudiathain. The puinj) is located in a 
well 20 feet in diameter and IG feet deep, and in the 
bottom an inner well 1-1 feet in diameter ha.s been 
sunk. The cost of the installation was 11s. 3,100 
and previous to ifc erection sixteen ]iairs of cattle were 
kept. The engine* and pump enabled the owner to 
dispen.se with ten pairs of cattle which he sold and 
for whicK he reali.sed Us. 1.500. The working ex¬ 
penses of the engine and ])ump averaged Us. 8 0 









284 


UFT-IRRIGATION. 


month and the following returns so far have been 


received:— 




ACS. 

RS. 

Paddy 

... 12 

1.200 

Ragi 

2 

100 

('ocoanuts 

... 13 

400 


The oost of keeping sixteen ]inirs of cattle is 
stated by Mr. G-ovindaswami Nayndn to be Us. 240 
per month or Its. 1.") per pair. The saving effected by 
disj-iensing with ten ]iairs of cattle is Rs. lod per month 
.again.st wliich must he set the cost of the engine, 
about Ks. SO per month. Ajiart from the fii(;t that he, 
has now a much better water-sup] i)y. a net saving of 
Ks. 70 per month is effected etpi.al to Ks. S40 j>e.- 
annum which is .70 per cent, on the net exjtenditnre 
incurred after allowing for the value of the cattle which 
were sold. 

fp) .4t ]\re1rosa]iur.im. wdiich was the first ])um]i- 
•ing installation started, there is a 31 h. ]). engine 
and .3" ]iumj) raising water from a well. During la^t 
year the Rev. Mr. Atidrew te])orts that the engine ran 
for l.OO'i hours ami raised l,S70„30."i cubic feet of 
water an average height of 2.3 feet. The area under 
cultivation was iT’Oli acres which yielded crojis worth 
Rs. 1,691. The cost of running tlie engine was 
Ks. .303-10-9 to which may be adcfed another Ks. 300 
for interest and depreciation making the total cost of 
irrigation per acre K- 341. The details of the run¬ 
ning expenses we/e as follows : 
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KS. 

A. 

P. 

Liquid fuel 

.. in 

0 

0 

Kerosine oil 

.. 3,i 

10 

0 

Lubricating oil 

48 

1 

0 

Wages 

74 

1) 

0 

Repairs 

34 

8 

9 

Total . 

.. 303 

10 

9 


no) At (he Affriculturul College, .Saidapet, a (ii 
li. ]). engine and a i" jiiunp <vere einjiloyed in lifting 
water from the Adyar river. iJuriiig 1907—1!)08, 
< 10 . 000 ,000 gallons of water were raised an average 
height of I'l'.'iT feet the lift varying betwe/*n UI'.T and 
feet. The total i! 0 .st of working the e.-,giiie was 
Ks. 020-1-4-0. to w'hieh maybe added Its. 350 for 
interest and depi eeiation. The area of land irrigated 
was 2.")'71 acres and the co.“t of inigation j)er acre 
^Is. 37‘7. 'I'i.e details of the working exj)en.se.s were 
as follows:— 


Liquid fuel ... 
Kerosine oil ... 
Lubricating oil 
Wages 

Eepairs and belting 
Miscellanedbs 


Its. A. 1*. 

173 12 0 

19 12 0 
«7 13 9 
238 4 4 

97 1.3 0 
3 7 2 


Total 


G20 14 .3 
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The ]mmp was run on 194 days for 1,976 hours 
or an average of 10'19 hours per (lay. The volume of 
]i()uid fuel coiisiimed was 1,2(10 gallons, at the rate of 
O’GI gallons per working hour. 

(11) Installation of a 4" puni]) and a 6i h. )). 
engine on a small tank at Snrapet belonging to Mr. 
Gopinatha Tawker. Subseijuent to the installation 
of the engine and pum]i a boring at the bottom of ttie 
tank tapped a sub-artesian snji|ily whieli, through a 4* 
pipe, lurnishes sufficient water to keep the engine run¬ 
ning 12 hours a day. Tlie cost of installing the engine 
and pump and making (dianncl.', for the distribution of 
the water was Us. ;l.242. The area under irrigation 
is 28 acres i'nd consist.-, of a mango and cocoanut tope 
the trees of which ha\e not yet come to bear fruit. 
Between the tree,-plantains have been cultivated, there 
being about l.'di totlieacre against an average of 90(1 
to the acre in an ordinary ))hiTitain garden. The 
accounts now fifrnished extend over two years and .-how 
that Us. 2,8od-l-0 was realized from the sale of the 
plantains and Us. 871 from the sale of a crop of paddy 
which was grown on 21 acres after the plantains were 
removed. The expense.-of cuUivation during the two 
years ainoui.red to Us. 1,7()I lor tlie jilantains and 
Us. 277-8-(i for the jiaddy. The cost of running tlie 
engine during the two years was Us. .SOlJ-l.'i-G so that 
against gro-.-receipts of Us. ;i,7fi4-j.-(l the total expen¬ 
diture amounted to U.-. 2,221-T-G lea, ing a .surplus ol 
111. 1,482-9-G. Au allowanc" of Us. Id.'i a year should 
hei iaiie for interest on tin* capital outlay and depre- 
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ciiltion in value of the plant, hut against this must be 
set the increased value of the mango and coeoanut 
topes whicdi during the two years have been well 
watered. 

(12) Installation of a 3" pump and a 5 h. p. 
engine belonging to M. K. Ry Muniappa tirramani at 
Tondiarpet. The lift varies from 12 to 25 feet and 
the engine works from !) to II hours a day and waters 
two coeoanut jilantations each of about 4 acres One 
<-f these gardens is let out on lease for Rs. 100 a month 
the water being snpjdied free. Tlie other the owner 
works himself. The yield of toddy is about 70 mea- 
^sures a day and is .sold for 31 annai a measure. The 
total monthly sales average R.s. 100 and the p.xpend- 
itnre Rs. 140 leaving a net profit of R.s. 2(5(> a month. 
Xo details are kept regarding the <!Ost of working the 
eiiiiir.p but it amounts to an average of Rs. 00 a month 
and re])airs and renewals average Rs. ISO a year. The 
total exj)f iiditiire therefore is Rs. 2.528 and the income 
Rs. 0,000 leaving a gross surplus of Rs. 3,480 whicii 
is uiKpieslionahly a good return on a garden of not 
more than 8 acre.s. 

fl3) Installation of a 7-^ li. p. engine and 4" 
pump lielonging to .M. R. Ky. T. S. Xarayanasawmi 
Aiyar of'I'irukkarugavur. TIie*water-sup])ly is deriveil 
irom a tank 120 feet .square and the punqi is carried 
on a circular well^l feet in diainelcr sunk in the b,ank 
of the tank. There is more than .sufficient water- 
supply and the. land under irrigation consi.sls of surgar- 
cane 3 acres, plantains 5 acres, encoanut gaiden 7 acres 
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and paddy 13 acres. The owner writes as follows:— 
“ The gross income is Ks. 70(» from sugar-cane and 
Ks. 300 from plantains. With the assistance of the 
plant I am able to sow seed-beds very early and thus 
reap the first crop so that my second-crop transjdant- 
ation is simultaneous with the single croji lands of 
my neighbours. I’.y this I get Rs. !.') j)eracre more than 
my neighbours who, though they grow doulrle cri)i)s, 
have to wait for water from the channels to sow their 
seeds, while I can trnns|)1ant the first crop when they 
begin to sow their seed-beds. The total cost of the 
plant including Rs. 1,000 spent on the well and tank 
was Rs. 3,900 and apart from my own cultivation my 
additional income from 3(1 acre^ of wet land is 
Rs. oO,')." 

From the above notes the following Table has 
been com]iiled to show the actual co.st of snpjdying 
each acre of land with water. 

The data upon which tlie figures for the daty of 
water have been calculated are approximatious. It 
is hardly worth while to discuss them in detail as the 
only object in inserting them in the tabular statement 
is to dispel the idea that very high duties are obtain¬ 
ed under jmraps. It is not improbable that the low 
duty in some cases is attributable to the limited area 
under the pumps and that more water was given to 
the fields than was really necessary pr desirable. Both 
the nature of the crop and the physical condition of 
the soil are important factors to be taken into consid¬ 
eration in estimating the duty of water and to these 
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840 0 0 237 8 0 1,077 8 0 { 134*6 
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must be added the character of the distribution of the 
rainfall as well as its total volume. With so many 
variants it is impossible that any one set of observa¬ 
tions should be of great value. If the most is to be 
made of a supply of water risks must he run and ex¬ 
perience is the only safe guide in such matters. To 
secure absolute certainty means that in four years out 
of five the water-supply is not fully availed of. Agri- 
cultui-e is the most s])eculative of industrial occupa¬ 
tions and irrigation only eliminates one element of 
uncertainty. 

The total cost of ]nimjnng has been estimated by 
adding 12i per cent, of the ca]>ital outlay to the 
running exj)erises to provide for interest and dejirecia- 
tion on capital. It will he seen fioin those figures 
that the cost of irrigation from wells, even when water 
is lifted by engines an<l jiumj)s, is a veiy consiilerahle 
item. Excluding the cocoanut gardens it ranges from 
Ks. 25 to nearly Ks. 7(1 an acre ; nevertheless, as we 
have seen, the jiroh’ts realised are verj' considerable. 
The ryots appreciate this and the po]>ularity of oil 
engines and pumps is steadily increasing. Vet. through 
the sub-division of the land int(> small ])lots, the small¬ 
ness of individual holdings and the large capital outlay 
involved in each installations, it is difficult for land- 
owners and ryots to become possessors of such aids to 
cultivation, and I think there is not much doubt that 
for every ryot who owns a j)um])ing installation there are 
8t leasf a hundred who would be glad to have one, if 
Quly their circun..stances would jiermit of it. With 
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rising prices and with a sure water-supply the agri¬ 
culturist is in a very satisfactory condition and in 
l)laees there is evidence tiiat by co- 0 [ieration they are 
.ryiiig to secure for themselves the advantages of 
•heap inetliods of raising water. 

.Some little time ago the villagers of Atinakur 
roniied a limited liability company with a capital of 
ibont lis. l-l.(l()Oand with this money we have ereet- 
?il for them two 10 inch pumps on the bsinks of the 
Kistna Western Delta main canal and through a channel 
which extend.-' to a length .>f nearly four miles they are 
irrigating .">00 acres of land considerably above the full 
■lupjily level of the canal. In certain Taluk.s of the 
South .'Vrcot District, where it is easy to obtain a 
water-supply, some of the wealthier ryots have pump¬ 
ing iiHtallations and are selling the water they do not 
reipiire for their own lands to their less wealthy 
ueighbi.'irs. In the case of the I’anamjiet installation 
alluded to ahove, the water is sflld at the rate of 
i 1 annas jier hour wldch is eipiivalent to about 2,090 
gallons fo'- one anna. At this rate a cubic foot jier 
second will fetcli nearly Rs. 17 a day and will be 
wojMi at least Rs. 2,000 during the ordinary irrigation 
season of four months. In the Kistna Delta tlie duty 
of water rises to as much as rt)0 acres per cubic foot 
jiei second and for this a water-rate of Rs. .) per acre 
IS charged, or rotighly one-fourtli of that |iaid by the 
ryots in the I’aimmjiet village. Nevertheless the 
water-rate in the Kistna Delta is sulticiently high as 
the whole jiroject pay.s a very high rate of interest on 
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the total capital expenditure involved in the construc¬ 
tion of the Kistna Delta irrigation system. It is the 
same with many of the other great irrigation systems 
in this Presidency. The lands under them are sup|)li- 
ed with water at very low rates and the undertakings 
are at the same time very jirofitahle to the State. The 
very careful and detailed examination of the country 
by the Irrigation (Commission, which met a few years 
ago, has ])]aced beyond doubt the fact that very litHe 
water can in the future he made available for irrigation 
on similarly favourable terms, although the j)ercentage 
of the total water-supply which is so ufili.^ed is 
extremely small. ^ ast projects involving an enor¬ 
mous capital oiitl.ay are feasible, but their cori.-lruction 
can only be justified when it can be clearly show'n that 
they offer a fair prospect of an adeipiate return on the 
money which must be invested in them. 

The skill and ingenuitv’ of the irrigation oflicers 
of the 1‘ablic Wo‘fks Iteiiartment will probably yet' 
succeed in some cases in providing additional sup¬ 
plies of cheap water for irrigation, hut the limits 
prescribed by the scale of charges for water have been 
nearly reached and there must inevitably ensue a 
period of staginition in the extension of imgation 
unless efforts .are made in other directions. Engineer¬ 
ing science has made enormous strides since Sir Arthur 
Cotton first held up the waters of the Oodavari river 
by the dam which be constructed across it at Dowlaish- 
waram, and many pmjects are feasible now which 
would have been impossible then. As an example- 
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attention may be directed to the splendid pump¬ 
ing station which has been provid.-td to lift the waters 
ef the Kistna river for the irrigation of some 50,000 
acres of land on Divi Island, whereby water which ran 
uselessly to the sea is now made to fertilise lands which 
have hitherto Iain waste or yielded at best a very pre¬ 
carious harvesi.. Again in the mountains of Travancore 
the waters of tlie IVriyar river, which formerly flowed 
into the Arabian Sea, have been diverted through 
the watershed ridge to irrigate a vast extent of land 
in the Madura district, tliereby rendering it secure 
iVom scarcity and famine. It would be easy to mnlti- 
.]ily examples ol this kind; it is not however my object 
to glorify the engineering jjrofession but tj draw atteii- 
fion to the fact I hat in other directions, herf in India, 
we have not made similar progress. 

Tlip resonrc;es of the hyduinlic engineer are by no 
means e.xhausted and he conld still do much to render 
the occujsition of the great bulk of the people of this 
^•(■llntry much less precarious if only it were possible, 
for them to second his efforts and display a more in¬ 
telligent appreciation of the value of the water which 
he siijijdies. It would not, I think, be difficult to show 
that in this Presidency the area un<ler wet cultivation 
could be doubled if the ryots, who are now without the 
benefits of irrigation, were prepared to jiay a much 
higher water-rate j;han that now iiaid by those whose 
lands are so favourably situated that they are command¬ 
ed by the channels from existing works. The question 
is can they do so ? Is it possible for the ryot to 
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from Rs. 1 ;> to Ks. 20 an acre for water instead of tbe 
Rs. 5 or Rs. 6 which is ret;ai-(ie<l as the normal rate 
under Govermneiil irrigation channels ? The eiaiuiry, 
is not whether existing water-rates should be enlianced. 
but whether lands not now irrigated could be made to 
yield a sufficient return to make it worth while sui)|ily- 
ing them with water at a much greater cost Ilian has 
hitherto been deemed jiracticable. It is generally 
considered that irrigation greatlj' enhances the value 
of land, partly by increasing the yield of the crojis and 
partly by diminishing the risks of cultiiafioti. The 
bulk of the irrigation sujiplies in this I’residency are 
devotnl to the cultiialion of paddy and it is only 
under spring channels and wells that what we know as 
garden cultiialion may be said to exist. The fact is 
that paddy cultivation pays fairly well anil the ciilti- 
valors have an easy lime of it: but when the ryot has 
to lift his water from a well or eontrilmte his share of 
the labour of di'gging spring ehaiiuels in hot sandy 
niver-beds, lie leani' to a|ipreeiate its value, and by 
putting more labour into the land lie obtains from it a 
more generous return. 

The information which has been collected regard¬ 
ing the cost of lining water bv engines and jiuiiips 
and the evidence that*siieli water can be )iro(itahly 
used is, I consider, e.\tremely valuable, hut 1 do not 
wish to spoil my case by basing generalixalions on it 
which are not justifiable. Tlie irrigation under the oil 
engines and pumjis. wliiidi lias been referred to above, 
is all of an exceptional ehararter. Admittedly, tliey 
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are selected cases to show what can be done when 
capital, ener^gr and intelli$;ence are forthcoming. They 
are, however, ty|)ical instances ol irrigation with oil 
engines and pumps, where an adecjuate water-supply 
has been found, and I liave reason to believe that there 
is room for many thousaiids of such installations in the 
Coast districts and on the margins of many of our 
rivers. Their intluence on agricultural developments 
Is already considerable and not a few are regarded in 
their own neighbourhood as model (arms. The results 
obtained in them have awakened a new interest in well 
cultivation and throughout the Piv-iidency there is a 
growing demand for the esplorat 'on of the sub-soil 
with holing tools. The demand is for a jierenniat 
jWater-sn])|iiy which will enable irrigation*to he carried 
on all the year round so that more valuable crops, 
wlucli reijuire to be on the laud for a long time, may 
he cultivated. 

(ioveruinent irrigation worksconpote paddy culti¬ 
vation, because almost invariably the supjily of water 
is only available for a portion of the year. To somt? 
ertent tins must al.so be tlie case in the future, 
but by no means entirely so. All the great pro¬ 
jects now under investigation will involve the 
construction of enormous stojage works, partly to 
regulate tlie supply during the irrigation season and 
jiartl) to raise the Hood waters to a sufficiently high 
level to command the lands that reijuire irrigation. 
When the water has fallen below the sills of the regu¬ 
lators which will control the supply to the high lewl 
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channels there will still remain a vast quantity of 
water stored in the river-beds behind the dams, and 
this may be drawn off at such a rate as to provide for 
the perennial irrijjation of very considerable tracts of 
land. On these, lands very high water-rates should be 
realised as very valuable crops can be grown. In the 
Bombay Presidency, by the aid of storage works 
which have been constructed in the Deccan, sugar-cane 
cultivation is extensively pursued, notwithstanding the 
fact that a water-rate of Rs. ■>() i)er acre ]>er annum 
is charged. Sn<‘h cultivation involves (ionsiderable 
capital outlay and a large expenditure in manure. It' 
is analogous to the oil-engine cultivation which we 
are developing on this side and it is my object to 
point out that such cultivation might he developed' 
on a much larger scale if, in the future, it is found 
feasible to construct the great masonry dams which 
have l)een projected for holding up the waters of the 
Kistna, the (laiKery, the Tungabhadra and other 
fivers. More irrigation in the South of India we must 
have, and becau.se we have exhausted all the easy 
methods of obtaining water for irrigation there is no 
reason why the country should stand still and accept 
the fact that nothing more can be done. If water 
cannot be obtaiiiMi at R.*.. 5 an acre, it is an undoubted 
fact that large supplies could be given at a cost of 
Rs. 10 an acre, and still larger*supplies if it could be 
shown that water is worth Rs. 20 an acre. The culti¬ 
vation under oil engines and pumps, the enormous 
arha under irrigation from wells and the high rates 
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paid for water in the zeinindari tracts all tend to show 
that there is still a very wide margin for the irrigation 
engineer to operate on. 

Accepting tlu* figures, which I have placed before 
yon as accurately representing what can be done'under 
the conditions sjtecilied, there can he no doubt that if 
such work could lie carried on over thousands of acres 
as it is now carried on over tens, it would be a com- 
jwiratively simple matter to finance the great engineer¬ 
ing works which will Ik* necessary to supply water. 
T'nfortnnately it is practically certain that at the 
present time the cultivators are not in a position to 
,take large volumes of water on the .-.atne terms as are 
easily obtained in all the cases I have brought to your 
notice. The average ryot, lacks capital, lack* initiative 
and above all is imbued with the idea that irrigation 
means an easy life and not a strenuous one. I’eforo the 
great inigation works of the future can be carried out 
the average ryot who cultivates dry k-iaid, will have to 
be brought to understan<l that his slovenly and lazy 
metlnals of working can be no longer tolerated, and 
that if he wishes to coritinne in the possession of his 
land he must be ])repared to cultivate it projierly. 
There is much for him to learn and the jirohlem is 
bow to teach him. Tlie extension of irrigation by 
]mm[iing will jrrobably ju'ove one of the most effective 
means of diffusing, throughout the country a better 
knowledge of the principles of agriculture, and all 
means which are adopted to encourage the extension 
«f this method of lifting water will tend to bring abodt 
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the desired end. Nearly everywhere it is the poverty of 
the individual and the extreme sub-division of the land 
which makes progress slow. Nevertheless where the 
conditions are favourable great strides have been made. 

In the South Ai'cot district in the Villu|iuram 
and (’nddalore taluks ilie conditions in regard to 
waler-sujiply are unusually favourable. Vast beds 
of sand lie at no great depth below the surface of 
the ground and from these it is practicable to obtain 
a supply of from L’(),0(Ki to 30,000 gallons of water 
per hour from wells not more than lo or lift feet in 
diameter sunk into the sand. Already over .jit 
pumping ]ilants have been installed in these two 
taluks and many more are under consideiation. In 
not a few in.-ftances the whole (sipital outlay involve<'|| 
has been realised within the first yeai and in nearly 
every case, within two years, the cost of l.hese 
pumjiing installation.s has been recouiaal. In place 
of jO engines anj' puin])- there is prohahiy room for 
1,000, and that too without seriously atfecting the 
water-sup{)ly. If private enterpri.se were stronger and 
capital more abundant the irrigation problem in these 
two taluks would be easily dealt with. The ryots have 
water and land and if supplied with power to lift the 
water so a.® to make it iHvailalile for (uiltivation, they 
can obtain large ])rotits, Tiider these circumstances 
the ca]>italist would step in« and jrrovide [rower on 
terms which would l>e advantageous both to the su[)- 
plier and the user. A central [rower stiilion would be 
ffitablished either near the railway or away on the 
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borders of the Salem district in the middle of the 
forest from which it could derive its sujiply of fuel. 
The combination of a wood distillation plant with a 
central power station should prove u very remunerat¬ 
ive undertaking if worked on proper lines. In the 
forests the timber would he cut down and converted 
into cliarcoal. The charcoal on the spot would be 
used in large suction gas plants to generate electricity. 
Kleclrie currents uniler high pressure would be carried 
across the country to the points where the power could 
he used and there it would be transformed down to 
if reasonable pressure, and from each sub-station wires 
would radiate to the wells in the neighbourhooil. 

In many cases ryots already own wells which will 
yield large ipiantities of water or which can be greatly 
improved by sinking them a few feet deeper. If the 
l*ower-supj)ly Company w'ouhl instal its own motors 
and pumps and uudertaUe to lift the water there is 
scarcely any iloubt that the demand ij’ould be consid¬ 
erable. The ryots i-an afford to pay as much as one 
anna jier thousand gallons and probably by <;harging 
a fixed rent for the motor and pump, plus a rate for 
the actual amount of power taken, there would be no 
difficulty in putting the distribution of power on a 
sound commercial basis. The .»h!ircoal manufacturing 
plant should be of a modern type fitted w'ith all the 
api>atatus necessary to obtain the xaluable bye-pro- 
duets of which the most important are acetate of lime, 
methyl alcohol and tar. Of course, such a plant can 
only he worked with profit when the scale of operatiini 
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is sufficiently large. Half the charcoal manufactured 
in the wood distillation plant would be. reijuired for 
the recovery of the bye-]>ro(lnets and for working them 
up into a marketable condition whilst the other half 
would be available for the suction giis jdants which 
would supply gas to the engines driving the dynamos. 
Three thousand horse jwwer would, I think, in a short 
time he taken up within the area I have mentioned, 
as not only would it be used for ))umping water but 
also for driving oil mills and other machinery. To a 
limited extent there will be a demand for lighting pur¬ 
poses and it can hardly he doubted that, once a supply 
of jiower was available, a considerable number of mis¬ 
cellaneous ways, in which it could be usefully emjiloyed, 
would soon he discovered. A jdant. with an avenge 
outjiut of 8,000 horse j)ower for 12 hours a day, would 
re()uire 20 tons of charcoal })er day or roughly 7,000 
tons in the course of a year; so that if all the bye- 
jwobucts were '.-ecovered ujjwards of 14,000 tons 
of charcofd would have to be manufactured every year. 
This would involve the carbonization of about .50,000 
tons of wood j)er annum, and assuming that the annual 
increment in the forests is one ton of wood per acre 
per annum, an area of .50,000 acres of forest would be 
required. This could b? reduced if suitable plantations 
of casuarina or some other quick growing timber were 
made. Already there are in llie .Soyth Arcot district 
some 11,000 acres of private plantations and a large 
«xten.sion of these to sujtply fuel for power purposes 
wbuld ultimately be of immense benefit to the district. 
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It is useless at the present inument to endeavour 
to work out such a scheme as 1 have outlined in any 
detail. My object in bringing it forward is to indicate- 
one of the directions in which work might be under¬ 
taken in future. The scheme I have outlined is typical 
of the way in which industrial problems must he 
tackled. Whil.st it is possible to do a great deal by 
establishing a large numlier of small centres of indus¬ 
trial activity, it must be remembered that these are, as 
it were, the pioneers who clear the ground for the 
greater undertakings which must follow. In South 
Arcot the small undertakings are proving exceedingly 
.profiUble and their rapid increase in numbers can be 
safely counted upon. They will bring weaj,th and jiros- 
jlerity to tliose parts of the district which benefit by 
them, and ultimately I am sanguine enough to antici- 
))ate that there will he an accumulation of suqilus 
profits seeking for new outlets. 

I have put forward these ideas slftnply to suggest 
the direction in which we are moving and to indicate, 
in faint outline the tendency of the policy we are pur¬ 
suing in this particular instance. The industrial 
regener.'dion of India is a vast problem which can only 
be achieved by steady persistent eflfort continued for a 
long period. The difficulties to'^ie faced are enormous 
and the first step must be to educate the jieople to a 
sense of their own < deficiencies and to bring them to 
gradually take an interest in the practical solution of 
the problems presented. I think I may claim that the 
success, which has attended our efiPoris to introduce oil 
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engines and pumps for lifting water, marks the first 
stage in the new movement and it has awakened in the 
minds of thousands of landholders and ryots an interest 
in mechanical methods of doing work whi(!h is entirely 
new to this country. Considering the marked inapti¬ 
tude of the agricultural community for mechanical 
methods of working it is surpri.sing how easily they 
have learnt tf) manage oil engines and puiu[)s and 1 
think it is unquestionahly because they fully aiquecaate 
the advantages which they confer and are willing to 
take the necessary trouble to understand how they 
work. (Juite recently I have inspected a considerable 
number t)f these pumping stations entirely managed by 
the ryots themselves and I think there is no doubt 
that the engine and pump is to the ryot who possesses 
it what the motor < ar is to the average European. The 
one is spreading a knowledge of mechanics through the 
literate classes^of Europe and the other through the 
illiterate classes of Southern India. 
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APPKNDIX. 


The followiiii; table gives information under the 
various heads enumerated reganling a number of the 
installations which have been erected. In many cases 
the ultimate area which will be irrigated will greatly 
exceed the area noted as full advantage is not yet 
taken of the water-sni)ply avfdlable 


Name 

of IiiHtallation. 


Alinjivakkum | 
Kumaravarani ... 
Salai 

Pantin'kuppam ... 

TondayariK't 

<hTakad(i 

Ananiali 

Panjetti... 

KoliiUMr 

Anichambalayam. 
Binivaour 
Thattaupulayam. . 
Surapet... 

KaiaKi' .. 
liavanasamndram. 
Bodiu[>crambcklii. 
Viehur ... 
Burapot... ' 

Mangudielierry ... • 
Arugalavadi 


& ta JS 
eO -2 O 

... g.s 

°= 
b 

ii ® as 

4 » SJ S - _ 

E 5 ' ‘p. 
s a a.' 


.g I Nature of 
3) ) wator>t<upply, 

.1 ' 


0 

(i 

(» 

(i 

i>i 

«■ 


■ 

■ « o 

; .«* e. 

i US. 

5 ' 

1 


3 

' 211 ;2,oiwt 

7 ' 

Well. 

3 

, l!l 1 2,MR. 

If. 

ft 

.*> 

; 22 ! 2,fM« 


ft 


' III 11.707 

1.3 1 

It 

3 

1 2:1 2,000 

8 , 

ft 

A 

III 2,240 

14 : 


3 

i 27 ; 2,44.'i 

12 i 

lliver.' 

i 

, 21 i2,37.'> 

1.3 1 

Kub-artesisn, 

\ 

i 20 ■2,(KI2 

18 ' 

Well. 

4 

! IH ;2,0.m 

20 

ft 

4 

i 21 ^.filO 

40 

tt 

4 

1 2(11 2,3X0 

31 

tt 

4 

j 18 3.241 

28 

Sub-artesian. 

3 

, 30 2,(HK> 

10 

Well. 

4 

i 23 2,740 

l.-> 


4 

i 21 2,487 

II 

It 

4 

! 21 2 ,e!X> 

' 12 

Sub-artesian, 

4 

1 22 2,18,'. 

i 11 

It 

4 

i 21 2,277 

7 

Well. 

4 

i 23 2,:.3.-. 

, 22 

.. 
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Kirumanibftkam... 

i 71 

4 

1 ij 

2,200 

17 

Well. 

Kali^'aniir 

7.’, 

4 


2,.*1JW 

20 

»» 

Manavauthangal . 

7i 

4 

21 

2,2t«*» 

12 

„ 

Thirukaruguvur... 


4 

1 H 


28 

Tank. 

Kalinjikiippuiii .. 

"i 

4 

' 25 

2. \x* 

■in 

Well. 

Panjerikuppam... 

7A 

1 

, 2:f 

2,,‘km 

2.1 

„ 

Kodamangulani... 

71 

A 

IH 


IS 

„ 

Valavanur 

7.J 

r, 

20 

2,2)=‘:» 

21 

„ 

Ariyalur 

7o 


17 

2,i>0 

15 


Moirajankuppap*. 


."i 

18 

2.:>!0 

50 

„ 

Bholairalii 

!* 

1 

15 

2,.‘i*‘0 

10 

,, 

Noliikuppam 

{) 

4 

u; 

2,7.')0 

15 

„ 

Cuddaloro 

Do. 

!• 

y.\ 

4 ‘ 
4 i 

.‘»l 

TJUKt 

•18 

Siib-urtosiaii. 

Palup . 

'1 

(1 

111 

.‘1.7(H» 

;t-i 

Well. 

1)0. 

10;. 

4 

15 

2,010 

18 


Panampct 

r 

<; 

l(i 

a,01>O 

70 

Tank. 

Kavanipaukam ... 

!> 

4 

15 

2,:nr* 

20 

Well. 

Thokanambahkaoi 

10 

4 

■ 15 

a,OKI 

14 

„ 

Melpattanhakam . 

10 

4 

25 

X’) 10 

111 


Acbiyalpiiram ... 

•I 

() 

! 18 

2,0(m 

;i5 

Tank. 

Burapet... 

12 

6 

‘ 18 

;i,WK> 

211 

Bab>arteaian. 

Atmakur 

Do. 

12 

12 

KM 

ih| 

8 

H,riOo 

500 

Kiatna west> 
ern delta 




' 



main canal. 

Oudiyattam 

12 

- T) 

! 

3.100 

27 

Well. 

LaccaTaram 

M 

6 

i “ 

TsOTKI 

20 

Ktver. 

Maooor Lanka ... 

le 

10 

1 7 

6,<KNI 

200 

Colair Lake. 

Kattalai 

25 

12 

. 

1 

1 

15,000 

500 

River 





Cauvery. 






(IIAPTEK XVII. 


PROGRESS IN IRRIGATION BT 
PUMPING IN MADRAS-^ 

Altliou!f|i I liave bioiijfht the subje(;t of Lift Irri- 
Ijiition befoi-e tin's Indiistrial Conference on two 
|)re\ ions occasions. I hardly think that any apology is 
)iecessaiy for referring to it again as. to the agrical- 
lurai classes, it is a tnaller of supreme importance. 
Tliere are over 1 (J.OOd.OOO acres under well irrigation 
and the tohd amoimt of power employed in lifting the 
jwater is very l.argc. Iloieover well® are 'not the only 
source of water-supply which can be utilised in this 
way. Kvidence of this may best be seen in the Kistna 
district of the Madras Presidency where 2.5,000 acres 
of the island of Kivi are irrigated by i>um[iing from the 
Kistna river, and where a pumping plant has been 
installed c;tpable of irrig.iting fully double thaf 
area; between three and four thousand acres are 
irrigated in a similar way round the margin of the 
Kolair Uke and finally nearly two thousand acres are 
irrigated by lifting water from 4be delta can.alsto lands 
sitUiited above the levels commanded by direct flow. 
It was only in 1852 that I started lift inigation in this 
district with a small portiible engine and a centrifugal 

» Contributed to the Industrial Conference hold at Allahabad, 
in Deoembar IblO. 
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pamp and, though at firstit did not make much progregg, 
yet chiefly through the efforts of Mr. R. N. H. Reid of 
the Public Works Department it has ultimately caught 
on and, large as the area is that is already supplied by 
lift, it is likely to be greatly extended in the future. 
Elsewhere in India there is no similar development 
although in certain other districts of Madras, such as 
South Arcot and Ohingleput, the oil engine and pump 
is quite a familiar adjunct to cultivation. In these 
matters we are still in the infantile stage and jjrogress 
is slow, but there has been no set-hvck, and the 
record of the past two years is satisfactory enough to 
justify confidence in future development at a more 
rapid pace. 

The object of the present ])a[)er is to j)ut on record 
what ha.s actually been done and to suggest the direc¬ 
tions in which progress on the engineering side of the 
question is likely to facilitate extensions. 

Apart from ^he exjieriments in the Ki.stnu in 1892-' 
p3 and subsequent years, in which steam engines 
were employed, the first attemiit to use oil engines 
was made in 1902, and the following statement showe 
the progress that has been made -ince that flate;— 



t-ROGBESS IN IRRIGATION RY PUMPING IN MADRAS. 307 


STATEMENT No. 1.* 


Number of oil engine pumping plants erected. 


Year. 

. 1 Priviite installa* 
Goveroment y 

Inatallations.' 

Private iniital- 
latioDBwithoat 
Govornment 
aid. 

l!K)S-03 . 

1 

... 


ISSM 0.0 . 

7 

3 


l!K).5-()H . 

,3 

18 


19015-07 . 


21 

... 

UHIT-OS . 

2 

38 

9 

*1(K)8-II9 . 

... 

.')! 

11 

ywo-io . 


33 * 

28 

1U10 11 (April to 
lvuT<'tnb»-, seven 
monthK) 

... 

II 

Not available. 

Total ... 

ja 

178 

• 




240 



This .statement is complete so far as the work 
undertaken with tfovernment a.sgistance is concerned, 
but it is < ertaiii that we have not a complete record of 
the private pumping installatioi^ erected without any 
such assistance, and it may be taken as practically cer¬ 
tain that, at the present time, there are more than 
5.50 engines and pSmps lifting water from wells, chan- 

* The Divi Island Irrigation is not included as that is a Major 
Irrigation Work constructed by tlje Madras Public Works Ueparle 
ment. 
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Dels, canals, tanks, lakes and rivers for tlie irrigation 
of dry lands. 

Statement Ko. ‘2 furnishes information as to the 
size of the ]mmj)S in the case of 211 installations, from 
which it will be seen that half of thorn are centrifugal 
pum]»s with the suction pipe 4" in diameter. The 
statement also gives the normal lifting i-apacity of each 
size of pumj), and from this it is easy to calculate that 
the 211 pumps are ca])ahle of lifting nearly 8,000,001' 
gallons of water jier hour, .\pplying this average to 
the whole 2.'>0 jiumps. the total capacity wilt he !f2.' 
million gallons i)er hour. eijui\aleiit to a flow of 111 c. It. 
per second. 

It will he noticed that the areas irrigated hy the 
larger pumps are smaller than the ca])acity of the 
pumps would seem to warrant and the reason is chieHy 
due to ha<l engineering, as these larger ]»unij)s were 
all put up by fil'ms with no previous experience of the 
work and in most cases such plant W'as su))jiiied as 
hai»pened to be in stock in the country. It will he 
also noticed that the duty of water under the pumps 
is comparatively small chielly because rnauy of them 
are only run for a few boui's in the course of the day ; 
in some cases because’ there is not a sufficient supjdy 
of water, in others because the owner of the pump has 
not enough land to fully utilise hi? water-supply. The 
sale of surplus water by the owners of jmmping instal¬ 
lations to neighbouring cultivators is bec-oming a com- 
*inon practice and will probably greatly extend in the- 
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Total area irrigated lo“ 735 2,080 72o| 360 500 2,070.1,200 600, 700 350 
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future. This practice will greatly increase the duty 
obtained from the pumps. 

From the data given in the above table, 1 estimate 
that the probable area under irrigation at the present 
time is about 12,000 acres and from the accounts 
available for a large number of installations, that the 
capital outlay expended on the same amounts to a|»- 
proxirnately 7,00,000 of rnjiees. The actual cost of 
irrigation dejwnds on a large number of factors which 
vary with almost every in.stallation. It has been care¬ 
fully worked out for a number of typical installations, 
and applying the figures obtained to the whole area 
under cultivation, we find that it amounts to approxi-- 
mately Rs. .SO t»er acre per annum or about Its. 
3,60,000 for the whole area. 

In 223 cases, the total horse-power of the engines 
is 2,138 and the great majority of these are worked 
with liquid fuel, of which the monthly consumption is 
now about 45,000 gallons. 

, The publication of the re.«nlts of our work in 
Southern India has drawn the attention of engineers 
in England to the immense possibilities of the dcveloji- 
ment of this method of irrigation and most of the 
large firms engaged in the manufacture of oil and gas 
engines and pumping' machinery are anxious to do 
what they can to meet our ret^uirenients. The Allaha¬ 
bad Exhibition will to some extent, show u'hat ste]>s 
have been taken to open up the Indian market. Up 
to the present time, we have mainly employed oil 
ehgines working with liquid fuel, which is the residue 
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left after the distillation of the crnde petroleum is 
complete, but quite recently, we have employed suction 
gas plants and gas engines which can be worked very 
satisfactorily with charcoal, and we are now able to 
obtain plants of about 30 h. p. and upwards which 
will work extremely well with dry wood. It is of 
considerable importance to develop as far as possible 
.sufition gas plants working with the suj)]>ly of fuel 
which can be obtained locally rather than be dependent 
on kerosine oil or liquid fuel which can only be obtain- 
e<l from a distance. There is not a single case of a 
steam engine lifting water for irrigation in the south 
• of Ind’a. partly because the price of coal is so high 
that it cannot compete w'hen used in st^m engines 
Vith li(juid fuel or suction gas in internal combustion 
engines and partly because internal combustion 
engines do not come under the >Steain Boilers Act and 
they can bo t-afely left in charge of com]>aratively un¬ 
skilled men. It is only when coal is*very cheap, as is 
the case in some parts of Northern Tiidia, that steam* 
engines can hope to comj)pte with oil or gas engines 
for small jmwer stations. In the case of large instal¬ 
lations the |iossibilities of using coal and steam are 
somewhat greater, but even that is not likely to be so 
for long, as the future belongs wholly to the internal 
combustion engine. 

It should bewmembered that irrigation by pura{>- 
ing has made enormous progress in many jmrts of the 
world, notably in the Western and Southern States of 
America, in Egypt and in Palestine, and competition 
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among the engineering firms to supply the machinery 
employed has led to material impros'ements in the 
efficiency of pumps. At the same time, equal or even 
greater strides have been made in reducing the fuel 
consumjition of the j)riine-movers whether worked by 
steam, gas or oil. Finally, it seems likely thatjiump- 
ing, at any rate, on a large scale will be entirely 
revolutionised by the recent inventions of Mr. H. A. 
Humphrey who, in what may be termed a gas 
pump, has successfully cotnbined both engine and 
jramj) and practically eliminated the moving parts with 
their wear and tear and necessity for lubrication. In a 
recent ])ajier which Mr. Humphrey read before the . 
Manchester Association of I'ingineers. he defines his 
system of pum[>ing as follows:—“ A method of raising' 
or forcing lirjuid which consists in applying the energy 
of ex|)un.rion of an ignited combustible mixture to one 
end of a column of li(|uid so as to ])ropel the column 
along a discharge }ti])e, and to cause it to oscillate in 
the pipe under such conditions of energy of the moving 
liquid, that everything neceB.sary for the next ignition 
is performed during one or more, (tscillations and wholly 
or partly owing to it or them.” This is highly technic¬ 
al language and savours somewhat of a patent specific¬ 
ation. I do not however propose to describe the pumj) 
in any detail, as I understand there will he one working 
in the exhibition and the extreme nimiilicity of the 
machine itself can be best appreciated by a personal 
inspection of its working. Sometime must necessarily 
elapse before it can be adapted to the very varied con- 
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(litions under which puinjis are working in India, but 
it seems to me certain that it will eventually come into 
general use. The construction of the pump itself is 
quite simple anil the work can easily be undertaken in 
this country. This is a matter of very great importance, 
as the development of lift irrigation will in course of 
time create a demand fora very large number of pumps 
and it is well that the construction of these should be 
within the inechaniiial resources of the country. It 
seems to me that we are now within sight of a jiower- 
driven water lilt which will involve so small an initial 
outlay and be so economical in working that it will 
• almost, entirely sujiersede cattle ])OWer. Whether the 
solution will come from a development of the gas 
*{mm]i or whether by improvements of older methods of 
lifting water remains to be seen. 

In the latter direclimi, we have recently made 
some progress in Madras by iimrlifying the construction 
of the c4)mmon lift jiump so as to permit it to be work¬ 
ed with a loose fitting tubular piston. This pump war* 
in the first instance designed for lifting water from bore¬ 
holes and in that form consists simply of lengths of gas 
piping siTewed together to reach to any required depth. 
At the lower end is fixed a valve which ojiens upwards. 
The yiiston consists of a length of gas piping which inaj’ 
be from I'to 10' long depending upon the height to 
which the water Was to he lifted. .At either the toj) or 
the bottom end of this gas jdpe a valve opening upward 
is fixed. The yiiston is worked by a wire rope, jjow^ 
being used to draw it uji, whilst Ihe^ downward strokes 
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are made b} gravity acting on its own weight. The 
results obtained on tests with boreholes were very satis¬ 
factory and larger pumps have now been constructed 
which can be worked either by men applying their 
weight to set in motion an oscillating platform or by a 
small oil engine driving, through a reducing gear, a 
crank arm to which the end of the rope can be attached. 
It is recogni.sed that the pumji is only suitable for deal¬ 
ing with comparatively small i|uantities of water, 
generally less than that which can he lifted by a 3 inch 
centrifugal [aunp. 

A single piston pump made of gas pipes (i inches 
in diameter and fitted with a loose piston 18 inches 
long worked easily at .it) strokes a minute, the length 
of the stroke being 18 inches, and delivered 7.'» gallons 
of water on a lift of l.j feet. This is equivalent to about 
one-third ofa horse-])ower in the water lifted. The 
[lower absorlied could not he measured, but it was [iroha- 
bly not much more than half a horse-jiower. That the 
ffficieuey is very high is evident from tlie followdiig 
experiments :—A piimji made out of a 4-iiii-h gas jiijie 
was worked by a man weighing 110 Ih. tremling on an 
oscillating jilatform. The stroke of the pump was 
ahout feet and he w'as aide to make 20 strokes a 
minute lifting a gallon at each stroke to a height of 
15 feet. This is equivalent to 180,000 foot-lb. of 
effective work per hour. This figure divideil by the 
weight of the man, 110 lb., gives a “ co-efficient of 
Utility” of 1,636. Similar experiments with a picottah 
on a lift of 144 feet yielded a coefficient of 1,191. 
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When an engine is employed to drive the lift it is 
conveniently made of two pipes and the jnstons are 
then connected by wire ropes to two crank pins on the 
same shaft separated hy an angle of 180 degrees. The 
pistons may then be made heavy so as to descend 
rapidly and as one piston is descending whilst the other 
is ascending any excess weight in the descending piston 
over that re()uired to cause the down stroke is ntiiised 
to assist the rising ]>iston. That is to say, the double 
lift is completely balanced. The same result is obtained 
with the ]>lHtfortn lift by adjusting the balance weight 
at the outer end of the ]>lntform to cause it to rise at a 
• speed convenient to the man or men em])ioyed in work¬ 
ing it. The pump is extremely simple in construction 
'the only working parts being the two valves and the 
pulley over which the wire rope passes into the pipe. 
This pulley is the only part of the pump recpiiring 
lubrication and as it is only moving .at a slow speed the 
wear and tear is negligible and it should last for many 
years. The valves einjiloyed are leather flap valvw 
which will doubtless wear, hut they can be repiired by 
any country blacksmith and exi>eriments are in progress 
fs) ascertain how long they will last and whether there 
is any advantage in adopting metal hinged valves or 
valves of the jwppet tyjie, Vhe latter will be more 
expensive and it seems hardly likely that it will be 
worth while to fit»them. 

An oil engine or electro-motor of two horae-}K)wer 
will suffice to drive a double (J-inch pump on a lift of 
2r> feet discharging about 150 gallons of water [ler 



316 


. LIFr-IRRlGATION. 


miirate. Our ex])Prieiice with centrifugal pumpa is 
that anything stimller than a 3-incli pump is very un¬ 
economical and our j)resent practice is to provide a 5 
horse-power oil engine to drive the pump on a 2;)-foot 
lift, the discharge being 180-190 gallons j)er minute. 
The eflicieney of the jiumj) is generally slightly over 
40 per cent, and the brake horse-power actually gener¬ 
ated in the engine is slightly over three horse-power. 
Such a jdanl. installed costs seldom less than Its. 1,800 
whilst a double (5-inch ))um]) driven by a 2 horse-power 
oil engine will cost not more than Its. 1,000. 

The development of mechiiriical methods of lift 
irrigation depends upon our ability to jirovide a machine 
cajiable of deajing with the ijuantity of water available 
and in by far the great majority of sources of water-' 
supply the (juantity that can be obtained is very much 
less than can be ilealt with by a ;5-inch ])ump. This 
new water-lift jirovides a very efiicient means of dealing, 
with smaller (jiiarftities. Hy manual labour from oOO 
>0 2,0o0 gallons per hour can be raised by a single 
man, the quantity depending on 1 he height to which 
the water is raised, whilst with a small engine of two 
horse-power, about the smallest size that can be I'e- 
i'ommended for regular work, from six to twelve thou¬ 
sand gallons per hour can be niised. The pump jios- 
sesses the great advantage tlwt it can he used in a 
small borehole and can he worked at any depth and 
with any length of stroke that is convenient. The 
same pump has been worked on a 2()-foot stroke and 
then, much more rapidly, on a 2-foot stroke, the 
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quantity of water lifted being approximately the same. 
The pump has a very great range of utility and ad- 
•justs itself to any ohange in the water level provided 
only that the foot valve is not uncovered. 

Within the ordinary ranges of irrigation lifts 
gas pi|)es of the commonest (juality will be found 
good enough hut, where more than one length of pipe 
is re(|nireii to gel dt>wn to the full depth from which 
the water has to lifted, it will be found < (mvenient to 
use a pi])e of slightly larger diameter than the lower 
one. in which the piston wiirk.s. 'I'lie reason for this is 
’that common commercial gas pipes are frecjuently 
dented or bent and. when this happens. Ihepi.slon ]>ipe 
will only work freely in them with a la/ge clearance. 
Jt will be obvious that the piston jiijie should be as 
close a lit to the discharge pipe as possible so that the 
slip may not be too great. When the lift is high, 
the pist(C! jnpe must he long and this means that it 
can only work freely in a straight letigth of jiipe which 
should be of circular section throughout. Itefore con¬ 
cluding these notes on the tubular piston pump, allu¬ 
sion may be made to the ])Ossibility of emj)loyiug one 
engine to drive a number of pnm])s in wells situated 
some distance ajiart. The wire rope transmission can 
be .safely used up to distances*of several hundred yards 
and, where the local conditions of water-supply are 
such that only small quantities can be obtained at 
any one jioint, a large numlier of wells, each of small 
capacity, can be sunk and the water lifted from thfm 
by wire rope transmission from a single station. I 
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have sw-Ti this method employed on the oil fields of 
'California working deep well pum[)8 of the ordinary 
type. 

The popularity in the Madras Presidency of mechan¬ 
ical methods of pumping has led to much explora¬ 
tory work for water, and boring tools are now largely 
•employed for this purjKJse. The use of eomi)aratively 
powerful pumping appliances has led to the discovery 
that over large tracts of country the coarse water 
bearing sands will yield, in moderate sized wells, 
sufficient water to keep a 4-inch centrifugal pump 
employed, .'^iich beds of .sand are often only a few feet' 
below the surface but still more often they are at a 
considerable dfpth, and the sinking of boreholes is a 
convenient and cheap method of locating them. By 
the mechanical analy.sis of sand a good deal can he 
learned regarding its capacity to yield water and from 
empirical data which have gradually accumulated a 
very fair estimate'can now be made as to the ({uantity 
of water which can be obtained if a well be sunk at any 
particular place. 

The results obtained from Iwrings have jjroved of 
extreme value. In the alluvial tracts near the Coast, 
a considerable area of land has been discovered under 
which sub-iurtesian wat^r-supjdies of large volume can 
be obtained, and even in the .hard crystalline rocks, 
borings have jiroved extremely useful«as they frequent¬ 
ly open up fissures containing water under pressure. 
This work may be regarded as still in its infancy, al¬ 
though the Department of Industries have now in use 
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30 setB of boring tools and have put down more than 
700 borings, of which slightly more than half have 
proved successful. In addition to this, a large number 
of borings has been made by private individuals who 
have employed well drillers from the French Settle¬ 
ment at Pondicherry where a very extensive develop¬ 
ment of artesian water exists. 

AV^here the holes have been drilled in hard rock a 
few experiments in torpedoing have been made. The 
process employed is as follows :—A charge of dynamite 
of from .O to 7 lb. is fitted in a water-tight tin case and 
lowered to the bottom of the borehole. It is then 
,fired electrically and the resulting explosion shatters 
the rock at the bottom of the borehole and opens up 
lissures, which in some instances very materially in¬ 
crease the supply of water. In the absence of a suit¬ 
able borehole pump, the results witli these experiments 
have not lj“en properly determined, .as only those have 
been classed us successful which havi. yielded an in¬ 
creased supply of water under pressure. It is con¬ 
sidered possible that many of these boreholes 
would yield a good deal of water if means 
were provided to ]mmp it out, and now that we have 
a simple means of doing this further experi¬ 
ments will be made during the next hot weather. 
The demand for exploratory boreholes is great and 
the landowners ar^in many instances reluctant to give 
up at a depth of 100 feet which is usually that to 
which our boring sets can work. In a few cases, by 
providing extra boring rods, borings have been conti- 
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nned to a depth 200 feet, hut with hand-tools this is 
expensive, and we are now trying jwwer drills with 
which we expect to reach as much us 500 feet. 

At the outset, 3-inch horing tools were mainly 
employed, hut exi)erience has shown that l-inch tools, 
although much heavier, are more convenient when 
the dejdhs to he liored exceed .’>0 feet. 

It will he obvious from the.se brief notes that in 
no direction does finality appear to lan e been reached. 
In the beginning, when the work was first started tlie 
pros|)e(d.s of attaining any marked degree of suece.ss 
were by no means assured. Now it is certain tlial the 
use of mechanical methods of lifting water will year 
by year extend, and at no distant date, we shall have 
thousands of mechanically driven wafer lifts at work 
In every direction, progress has been made. It is now 
jKvssible to obtain much better apjiliances than was the 
case five years ago. Then, we were not certain that 
underground w.iter could be obtained in sufficient 
volume in any great number of cases, now, we know 
that over large areas and in many places it is weli 
worth while to instal mechanical ari-ange.metits to lift 
water. Progress has been much greater than was antici¬ 
pated owing to the rise in value of agricultural prod¬ 
ucts and the large pixfiits that have consequently been 
made by the laud-owming classes. This has, at the same 
time, increased the cost of cattle labour and compelled 
the intelligent land-owners to turn to engines and 
pumps as a means of reducing the expense of lifting 
water and at the same time of bringing a larger area 
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of dry land under wet cultivation. Each advance pre¬ 
pares the way for farther improvements and indicates 
that the efforts now being made will in time be prod¬ 
uctive of great results. 


■: o: 



CHAPTER XVIII. 


IRRIGATION BY PUMPING IN THE 
UNITED STATES. 

The total area of the United States is very 
nearly three million sijnare miles, and of this 
area not less than one and a quarter million 
square miles, between the Mississippi river and the 
Pacific Ocean is so situated that cultivation without' 
irrigation is either extremely precarious or absolutely 
impossible. Till the passing of the National Reclam¬ 
ation Act by Congress in June 1002, which author¬ 
izes the construction of irrigation canals and reservoirs 
by the Uederal (iovernment, the develojiment of irriga¬ 
tion has been entirely left to private enterprise. The 
earliest settlers were the Spaniards who came from 
■Mexico up the valley of the Rio (irande river and found 
the Indians of that region, “watering the thirsty soil as 
their forefathers had done for unnumbered generations 
before them and as their descendents are doing to-day,” 
These pioneers of European civilization remenrbered 
the wonderful fertility df the irrigated fields in the 
south of .‘^pain, and the colonies which they established, 
in what are now the territories of Arizona and New 
Mexico, imitated and to some extent improved upon the 
primitive practices of the red-skinned savages. Later, in 
t^e middle of the eighteenth century the mission 



RRIGATION BY PUMPING IN THE UNITED STATES. 323 


fathers of Mexico established a chain of stations along 
the Pacific C<mst from San Diego to San Francisco, and 
• to them the credit is due of introducing the methods 
of irrigation practised in Spain. 

On the Fast Coast, in the Carolinas and Georgias 
the eighteenth century witnessed the gradual growth of 
rice cultivation on low and marshy lands bordering on 
tidal rivers. At high tides the fresh wiiter was backed 
up the rivers and flooded the rice fields, at low tides 
the water receded and the fields could be drained. 
From small beginnings the rice-planting became an 
ii»l)ortiint industry, and in the years preceding the great 
Civil War 80,000 .acres yielded annually nearly 50,000 
tons of cleaned rice. The ruin caused bj? the war and 
the changed labour conditions consequent upon the 
aliolition of slavery led to the abandonment of many of 
the plantations, so that for the la.st forty years produc¬ 
tion of liarolina rice has been less than half what it 
formerly was. 

Within, however, the last ten years, along the 
shores of the Gulf of Mexico in the States of Isruisiana 
and Texas, rice-growing has been taken uj* on a very 
extensive scale, the necessary water being obtained by 
pumping from the sluggish streams or bayous which 
carry the drainage of the coa-st^ands to the sea through 
a wide belt of marshy littoral. Nearly 300 pumping 
stations supidy wfcter to 010,000 acres, which yielded 
in 1904 about 400,000 tons of cleaned rice. Sixty-six 
rice mills are in operation and it is computed that fu^Jy 
one crore of rupees has been invesW in the industry 
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frame adequate laws for the protection of water rights. 

Compared with India the conditions in the States 
are in almost every respect diametrically opj>osite. 
Everything has been left to private individuals and 
they have had a perfectly free hand in every way, 
there were no vested interest.^ to contend with, capital 
was abundant and readily forthcoming, lalrour was 
very expensive but timber fairly cheap, the farmers are 
educated and enterprising, for livestock there is a 
large market and the products of orchards and 
gardens realize high, and often fancy prices. The 
effects produced by these conditions are clearly visible. 
No large or comprehensive projects have been carried 
out,' present necessities and not future prospects have 
controlled the situation ; conflicting interests have 
grown up, involving much litigation and frequent 
scenes of lawlessness. The {laramount consideration 
was an immediate return on the capital outlay and in 
the face of adverse circumstances it has exercised a 
dominating influence over the character of the engi¬ 
neering. Problems have been tackled with a boldness 
which in some cases verges on recklessness and much 
of the work will have to be done over again. There is 
no doubt that the general ]iolicy was right but it was a 
temporary one and there''is abundant evidence that a 
change is in progress in the- direction of a demand 
ior more solid construction and hydraulic works of a 
more [^rroanent character. 

When once the value of irrigation was demonstrat¬ 
ed! *^BS but natural that every available sourcss of 
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water-supply should be examined and the prospects of 
making successful use of it carefully investigated. 
Farmers who had no hope of obtaining a gravity supply 
delivered on to their land turned their attention to 
the subterranean waters and from wells sunk to the 
water tearing beds soon found it was practicable to 
obtain sufficient for a patch of alfalfa or a vegetable 
garden which proved of immense value in seasons 
of deficient rainfall. To raise the water above the 
level of the ground windmills were freely resorted to 
and in the long run have jiroved convenient sources 
of power when the quantity required is not large and 
no great storage capacity is needed to tide over periods 
of calm weather. Hundreds of tliousand« of windmills 
are now in use for pumjiing water in the United 
.States, but only a very small percentage of them are 
doing much beyond supplying domestic requirements, 
watering stock and irrigating small fruit or vegetable- 
gardens. Where irrigation from'wells is in vogue, 
the water-supply is invariably derived from beds, of 
sand and gravel in which it is frequently found 
under artesian pressure sufficient to cause the water to 
flow up the boreholes above the level of the ground. 
In many cases this happy condition of affairs still pre- 
'•ails and there is a considerable area of land watered 
by such artesian wells, but in most instances the num¬ 
ber of borehole* tapping the water tearing strata is so 
great that the pressure has fallen very considerably 
and the water now has to be raised by powerful en^nes 
and pumps. 
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Apart from windmills which are mainly used 
for irrigation in the Stiites of Kansas and Nebraska, 
irrigation by pumping is most largely developed in 
California, Utah and Colanido and in the rice growing 
districts of Texas and Louisiana. The pumps 
employed are mostly of the centrifugal type, 
with either veitical or horizontal sjtindles, and for 
motive jiower practically every kind of modern 
prims mover has been tried ; whilst in California the 
system of lifting water by compressed air is in use and 
apparently with success notwithstanding the waste of 
energy which must necessarily occur when such a 
medium for transmitting jiower is employed, 

Com])ared with what is known about the yield ol 
water from wells in India those used for irrigation in 
America give very large sujiplies. Few, to which 
pumps are attached, yield less than half a million gal¬ 
lons per day and many of them several times that 
rjuantity. In cons^.juence the units of power are very 
mych larger than we can hojre to instal here, the 
range being usually from 20 to GO li. p. Where the 
water-supply is derived from other sources than wells, 
as for instance from rivers or lakes, the pumping 
plants are very much larger and engines of several 
hundred horse-power are ‘not uncommon. The depth 
from which it pays to pump water varies enormously, 
being dei>endent on the value of the cnops which can 
be grown, on the cost of motive jwwer, which is itself 
a function of the price of fuel, and upon the duty of 
water for the crops under cultivation. Exceptional 
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resalts are possible in districts where electric 
energy derived from water power is obtaina- 
We or where crude petroleum oil is found. In 
Utah State, at American Forks, electric power is sold 
at from 3'3 to 4'2 jiies per horse-power per hour; in 
California, at Bakersfield the price is 5*6 pies, at 
Mount Whitney 3’4 pies and at Kiverside 9 pies. In 
Aladras, oil engines will yield a brake horse-power for 
from 9 pies to As. 1, per hour using crude oil costing 
As. 3 jier gallon whilst in Texas similar oil can be 
purchased at rates which fluctuate a good deal but 
probably do not average more than As. 1 per gallon. 
In California liquid fuel is e(|ually cheap but it is un¬ 
suitable for oil engines on account of the, large amount 
‘of asphaltum in its composition. The distillate haS) 
therefore, to be used and the price of this is practic¬ 
ally As. 3 per gallon or about one-half the usual price 
in Madras. In the other arid States these favourable 
conditions do not prevail and the statement would be 
roughly accurate, that in respect to the cost of genera 
ating power fanners in America are no better oflF than 
ryots in the Madras Presidency. 

In the following notes I have attempted to summar¬ 
ize the vast mass of detailed information, which was 
kindly placed at my disposal, under convenient head- 
inp. 

H'indwwMs.-.i-These are not largely used for ini- 
gation work except in Kansas and Nebraska, where the 
winds are strong and reliable and the water bearing 
strata is at no great depth from the surface. For domes- 
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tic and other purposes retjuiring only small amounts 
of power the American windmill is used in enormous 
numbers, but for tlie sake of cheapness they are too 
lightly constructed and can only work in moderate 
winds. In favourable situations windmills are proba¬ 
bly the cheapest engines for pumping water available 
but, till the load is automatically adjusted to the velo¬ 
city of the wind and in the proper proportion, the 
maximum yield of power will not be obtained from 
them. Windmills have been the subject of much study 
and investigation in the United (States but the papers 
published by the Geological Survey contain discordant 
results and there is still a good deal of doubt on the 
subjer't of loading them so as to produce the best 
results. 

Oil Engines .—Engines of small power which re¬ 
quire a man to look after them are not at ail economic¬ 
al in the States as the cost of labour is very high, 
varying from Rs'. 3 a day in the south to Rs. 7-8 in 
Nie west. Small oil engines are, therefore, not much 
used for pumping water, but of sizes between 10 and 
30 h. p. there are a considerable number in 
use, especially in places where they are only 
required to run for a comparatively small number of 
days in the year. Oil engine fires are very common, 
so much so that the insurance rates are prohibitive. 
This is directly contrary to our exjierience in India 
as here we regard oil engines as perfectly safe motors 
qnd no serious accident has ever happened to disturb 
that belief. To facilitate starting oil engines, it is a 
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common practice in America to begin with petrol and 
only when the engine is fairly at work to turn on the 
•oil and there is no doubt that thereby a very serious 
extra fire risk is introduced. 

Sfeani Etiginta .—For driving centrifugal pumps 
or air comjiressors, steam engines of all types are em¬ 
ployed, from portable engines of 8 or 10 h. p. up to 
compound Corliss condensing engines capable of indi¬ 
cating .'<00 h. p. Almut these engines there is 
nothing particular to note and the interest in the 
matter lies with the fuels used for generating steam. 
Wood, coal and crude oil are used and the j>rices paid 
for them depend upon the locality and the facilities for 
transjMjrt. In the rice irrigation tracts •'f Texas oil 
costs from Ks. 1-8 to Rs. 2 per barrel of 35 English 
gallons, coal nearly Its. 15 per ton and wood from 
Its. 4-8 to Rs. 9 per cord of 128 c. ft. or roughly from 
Rs. 3 to Us. C per ton. In the Santa Clara Valley, 
CaliforniR, distillate oil, roughly etfuivalent to bulk 
kerosine oil, costs 3i to As. 4 per gallon, furthe,r 
south at Bakersfield, near the Kern Valley oil fields, and 
round l/)s Angeles, in the neighbourhood of which 
there are also oil fields, the price of both crude oil and 
distillate is much less, but liable to considerable fluc- 
tu.ations. 

The comparative cost of pumping is conveniently 
expressed in terras of the cost per horse-power hour 
or per acre foot lifted one foot. An acre foot is the 
quantity of water which will cover one acre to a 
depth of one foot and is equal to 43.5G0 c. ft. or verv 
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approximately to a flow of one c. ft. per second for ] 2 
hours. Ex}>eriments made with an 8 h. p. portable 
steam engine on a lift of 26 feet using coal costing 
Rs. 15 per ton gave the costs, per acre foot lifted one 
foot, at As. 5. An exactly similar rate was obtained 
with an oil engine, on an lift of 33 feet, using oil 
which cost As. 7 i)er gallon. A steam engine supplied 
with steam from boilers fired with wood at Ks. 12 per 
cord or, say, Rs. 9 per ton working on a lift of 45 leet 
raised one acre foot one foot high for A.-;. 3*3. This is 
about the co.st in .Madras with small oil-engines and 
centrifugal pump.s, but it must be remembered that 
the above figures do not include any allowance for • 
interest .and (le})reciation. 

Eleotro-MotorH. —The low rates, quoted above,' 
charged for electricity in I'tah, .and California have 
rendered it practicable to u.se this form of energy for 
driving centrifugal jiumps lifting water for irrigation 
purposes. The current is in all ca.ses generated by 
rater power in the canyons of the neighbouring 
mountains and transmitted across country at pressures 
generally over 10,000 volts. The three-phase system 
is invariably employed and the current is transformed 
down at the pumping ^stations to 2,200 volts or to 
2,500 volts and utilized in induction motors which 
have an efficiency of about 90 per cent. Except in 
the oil regions fuel is very dear in tlft Western States 
and there has been every inducement to make as 
zquch as possible of the water power available. In 
California, the western slo])es of the Sieiras ])resented 
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an unusually large number of favourable sites for the 
development of water power which have in many cases 
•been taken up and the electric energy generated is 
raised to pressures as high as 33,000 volts rendering 
transmission possible to great distances with economy 
and efficiency. By linking up different systems power 
has been transmitted well over 200 miles and in the 
latest installation the pressures on the line have been 
raised to .lO.OOO volts. Electrically transmitted power 
can only lie economically employed where the irriga¬ 
tion season lasts for at least six months and is conse- 
cjuently mainly to be seen in the Alfalfa fields and 
Orange gardens of the south. 

The largest pumping station is in Ul.ih State at 
liehi, where the river Jordan debouches from Lake Utah. 
All the water passing down the river is diverted for 
irrigation and the level of the water in the lake is now 
so low that it has become necessary to lift the water 
from the lake into the river to oblain^a supply ade(|uate 
to the needs of the irrigation interests concerned. • 

Four eentrifugal pumps with 54 inches suction 
pipes have been installed and are driven through 
belting by four l(tO h. p. Westinghouse induction 
motors running at 580 revolutions per minute. The 
speed of the pumi® is 16G 'revolutions per minute. 
The power is supplied by the Utah County IJght and 
Power Company <^f American Fork, who have a water 
power generating station in the American Fork 
Canyon, distant about five miles from the town and 
about 11 miles from the Jordan pumping station at 
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Lehi. The three-phase system of transmission is in use 
at a pressure of 6,000 volts, which is reduced by 
means of three 170 K. W. transformers to 500 \olts at 
the pumping station. The lift of the water varies with 
the level in the la're, the range being from 2 feet to 
5 feet, and the discharge of each pump is 100 c. ft. 
per second. The price paid for power is Ks. 1.5 per 
horse-power of continuous supply jier month. The 
efficiency of the motors is stated to be 7.5 per cent, 
and the total efficiency of the station including all 
losses when working on the maximum lilt, .33 jHir cent, 
but at lower lifts the efficiency falls off. The irriga¬ 
tion season lasts six months and the ]>ump8 are at work 
08 per cent. ,of that lime. During the month of 
August 1904, the pum]is were running 7324 hours out 
of 744. Nine hours was lost at the generating station 
and only 24 hours at the pumping station. Storms and 
unfavourable meteorological conditions accounted for 
more than half Vhe lost time. In the I’tah valley 
Ijghtning is often very intense and causes much 
damage to electrical in.stallations, and it is generally 
considered better to shut down the station, when 
violent storms are in the neighbourhood, than 
run the risk of a transformer being burnt out. 
This pumping station ‘cost about Us. 1,5(1,000 but 
it can only be regarded a.s* a temiiorary expedient 
whilst the whole question of irrigatio* from the Utah 
Lake is under investigation by the Engineers of the 
Geological Survey. It is beyond the scope of this paper 

to enter into a discussion of the interesting problems 

* 



IBRIGATION BY rUUl’lNO IN THE CNIT^D STATES. 335 


which the irrigation in this valley has given rise to but 
pending their solution this electrically driven pumping 
plant enables 40,000 acres to be su|)plied with water at a 
comparatively small cost. The duty of the water ap¬ 
pears to be about 100 acres per c. ft. per second and 
as the pumjiing season lasts 180 days the quantity of 
water delivered to each acre amounts to about 3'(i acre- 
feet. The working expenses are less than Rs. 1 '.'iO per 
acre which is a very small charge on land the gross 
return from which a very low estimate jdaces at over 
Ks. 100 per acre. 

In the town of American Fork s;iiall electro-motors 
S>f one-half h. p. are installed in a number of gardens 
to drive force pumps working on tube wells fo’- domestic 
supply and for watering the lawns, shrubberies and 
orchards round the houses. The charge for a 12 hour 
day service is Ks. 3 per month. The Manici])al Cor¬ 
poration derive part of their water-supply from an 
artesian well sunk to a depth of 400 feet, in which the 
water rises to within 22 feet of the ground level. A 
three h. p. motor, working through a countershaft, 
drives an ordinary plunger pump, which raises the 
water into a tank from which it is delivered into the 
town mains. The total lift is about 30 feet and the 
charge for jwwer supplied contiifuously day and night 
is Rs. 30 jier month. The pump is placed at the 
bottom of a brick,well about 0 feet in diameter, and 
the motor is above the ground. A small wooden shed 
covers the whole plant and once a day it is visited by 
a man to oil the bearings. 
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The generating station of the Power Company is 
situated in the American Fork Canyon, 5 miles from 
the town. The plant consists of two 500 h. p. Pelton 
water wheels worked under a head of 290 feet and 
driving two 250 K. W. three-phase alternators at a 
tension of 6,000 volts. In the town the pressure is 
reduced to 2,300 volts and each group of users is 
Eui)plied at either 115 volts or 230 volts through small 
transformers fixed on the poles carrying the transmis¬ 
sion line. 

It was not possible to ascertain the extent to 
which electricity generated from water power has been 
made use of in California to raise water for irrigation.. 
The Agricultural Department of the I'nited States are 
collecting information on the .subject, but their data 
are as yet very incomplete. The General Electric 
Company to whom I apjdied for a.ssistance were kind 
enough to supply me with a list of thirteen large 
electrical sii])ply companies, all of whom were furnish- 
uing power for pumping water. In consultation with 
the officers of the company, three irrigation stations 
were selected for inspection as typical of the othei-s, 
and the following notes are compiled from information 
gathered locally. 

The Bakersfield I ower. Transit and Light Com¬ 
pany has a generfiting station in a Canyon 16 miles 
from the town. The current, which i.s three-phase 
alternating, is transmitted at 10,000 volts and is used 
in the town for lighting purposes and by the tramway 
as well as for pumping water. For irrigation work 27 
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motors of from 30 to 40 h. p. are in use and for the 
water-supply of the town a further 10 or 11 motors 
are employed. The water is found in beds of gravel 
about 60 feet below the ground and an abundant 
supply can be secured by sinking tube wells. The 
water is under sufficient pressure to rise to within 15 
or 20 feet of the ground. At one of the town water- 
supply stations two 12 in. 4ube wells had been sunk 
to a depth of 100 feet and the water was drawn from 
them by a centrifugal pump directly coupled to a three- 
phase induction motor. The ])ump was placed just 
above the wells and the suction pipe, 5in. in diameter 
,terminated in branches, passing down the two wells. 
The pump was of the ordinary horizonUl tyj>e and ran 
«t 950 revolutions per minute, delivering 540 gallons 
of water per minute through a Cin. pipe under a total 
head of 110 feet. The pump was primed by running 
water into it from the deliveiy tank, both suction 
jiijies being fitted with foot valves. 

.At the irrigation stations the arrangements were^ 
different ns the lift was only to the level of the ground 
and did not in any ease greatly exceed 30 feet. The 
electrical pumping stations all belong to the Power 
Company which suj)plies the water to the Kern County 
J,and Coinjiany, who use it for She irrigation of Alfalfa, 
at the fixed rate of Ks. 4i per cubic foot per second 
per day. A 30 h^p. motor will raise about 4^ cusecs, 
so that at the price charged the power realizes less than 
C pies per h. p. hour, and is almost exactly Rs. 21 per 

month. The pumping stations differ from one another 
22 
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not only in the size of pumps but also in the driving 
arrangements. In some, the pumps are of the horizontal 
type and driven by a lielt from a horizontiil motor, in 
others the jramps are vertical and the motor is directly 
connected to the pump by means of a vertical shaft. 
Under tlie conditions prevalent round llakersfield there 
is not much to choose between the. two methods of 
running 1ml the opinion of the men in charge of the 
pumping work is in favour of the belt-driven pumps. 
The belt is a le.ss efficient means of currying the ])ower 
from the motor to the pumji than is the vertical shaft, 
but the Intirication of the latter and the arrangements 
to resist the thrust due to the weight of the motor, 
pump and shaft, if not more liable to get out of order 
than bell-driven pumps, yet give rise to more serious 
accidents when anything does go wrong. The best 
evidence that can be adduced as to the ease and simpli¬ 
city of working at these pumjiing stations is the fact 
that although tiiey are 27 in number, they tu-e all 
.looked after by two young men. The wells are 
a considerable distance from one another and for 
these attendants to get round to each well once a day 
it is necessary to supiily them with a horse .and buggy. 
One of them accompanied tne on iny visit to several of 
the wells and I saw him start and stoj» the pumps 
without live least difficulty although but a few mouths 
before he had been a farm hand and had had no train¬ 
ing either in mechanical or. electrical engineering work. 
At the fiv-st station visited there were 4 tube wells of 
l2in. diameter sunk in a line, the distance between 
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them being 10 feet. The pun-p was of the vertical 
type and wa® placed at the bottom of a timber pit 
•about 16 feet below the ground, the suction pipe was 
horizontal with four hrancihes dipping into the four wells. 
While pumping is going on the water sinks in the wells 
about 1 a feet to j)roduce the head necessary to maintain 
flow, so that the maximum lift was .31 feet. The delivery 
of water averaged l-j cusecs and the efficiency of the 
installation was .'ll ))er cent. The motor was of the three- 
phase induction type rated at ,30 h.p. and working under 
a pressure of ,300 volts. The motor, pump, vertical 
shaft and delivery pipe were carried by a steel frame¬ 
work, Mjiiare in plan, built of angles and bais and stiff 
enough to keep all the running parts in perfect align¬ 
ment.. 'I'lie transformers, two in number, were in a 
sejiarate shed and the connection with the high tension 
lines was made by a switch of simple construction 
jdaced outside, lightning-arresters were also provided, 
and an automatic device for switchffig out the motor 
should a temporary interrujition of the current caus# 
the ])urap to lose its suction vacnum. 

Two other pnm])ing stations were also visited in 
which horizontal belt-driven iiumps were in u.se. The 
belt drive was rather long and the belt wa,s of very 
ample dimensions for the |wwer to be transmitted. At 
one station the pump was primed by an ordinary force 
pump worked by hand and the operation of starting 
was distinctly laborious; at the other a small pump was 
driven through a countershaft by a belt off the punjp 
spindle. The pumps were placed at a level consider- 
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ably above that ofthe water in the wells and consequent¬ 
ly the suction lift was much longer than in the case 
of the vertical pumps. In other respects the equip-- 
ment of the.se stations was all of the same type. 

The water delivered from each pump is run into a 
sump provided with fine screens to damp down the 
oscillations ofthe surface and then pas.sed over a thin 
edged weir made from a sheet of steel jjlate. The 
weirs were usually 3 feet in length .and the dejith of 
water on the crest is measured by means of a hook 
gauge, with a micrometer screw, sliding on a graduated 
scale; In Bulletin No. 8fi of the 1’. S. Dej)artment of 
Agriculture, discharge tables for such weirs have been 
computed and are found of great value in measurements 
of water e-oming from channels or streams as well as 
from pumps. The extraordinarily high value to which 
water for irrigation has risen in recent years, has 
naturally led to more care in its measurement than is 
the practice in Trelia and sharp edged weirs, esi)eci8lly 
those of the Cippoletti pattern, are very largely used in 

ordinary distribution work. 

Ontario .—ITiis is an irrigation colony entirely de¬ 
voted to the cultivation of citrus fruits which was 
started by Messrs. Chaffey Bros., of Ontario, Canada, 
and subsequently betleii'knowp in connection with their 
irrigation schemes at Kenmark in South Australia. 
When supplied with sufficient water the soil is extremely 
fertile and the conditions generally are peculiarly ad¬ 
apted to the growth of oranges and lemons for which 
there is a splendid market throughout the States and 
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admirable transportation faciiitips. The quantity of 
water available for irrigation is limited and insufficient 
for the area of land which could be brought under 
cultivation; hence there has been every possible 
inducement to prevent waste of water and secure a 
high duty. The water-supply is mainly derived by 
pumping from artesian or sub-artesian wells and it is 
conveyed to the fields in concrete pipes and the distri- 
butory channels are all of concrete. Furrow irrigation 
is invariably employed,and to avoid loss by evaporation, 
the water is sometimes carried down the furrows in 
pipes buried in the soil. 

In Southern California flowing water is usually 
measured in “ miiieis’ inches,” of which 50 are equ.al to 
one cusec and one miners' inch is considered sufficient 
for the irrigation of 10 acresof land in Ontario, so that 
in ordinary terms the duty of water is 500 acres per 
cusec. 'I’be profits from citrus cultivation are very 
considerable and a.s l,md without water is valueless, 
water rights are extremely v.al liable. The capitalized 
value of one 1 cusec is about 3 lakhs of rupees, equiva¬ 
lent to Us. 15,000 per annum andeijual to a water-rate 
of Rs. 30 per .acre, but water especially in seasons of 
scarcity is occasionally sold for much higher rates. One 
man who has more water than*he needs is able to dispose 
of his surplus at the rate of Its. 75 per day for .30 
miners’ inches fit 0'6 cusecs, which is considered a 
sufficient watering for 10 acres. At Ontario the water- 
supply is controlled by the San Antonio Water Com¬ 
pany, the whole of the stock of which is held by tha 
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fruit-growers in proportion to the area ot land which 
they occupy. Each 10 acres is entitled to a continuous 
flow of one miners’ inch, but as that is too small a 
stream for satisfactory irrigation, the custom is that 
each 10 acre jdot gets a stream of 30 miners’ inches 
for one complete day in llie month. The electric 
generating station is situated in the San Antonio 
Canyon alwut 8 miles to the north of (tntario and the 
power is brought into the colony by overhead trans¬ 
mission lines at 10,000 volts pressure. The pumping 
plants make use of the greater part of the power bnt it 
is also emjjloyed in driving motors for miscellaneous 
work, for electric lighting, and for electrical cooking 
and heating. I'or these i.iiii>oses the energy is retnilerl 
at from As. 1-3 to As. 1-0 jier Kilowatt hour. 

The wells, from which the water is ]>umped for 
irrigation, are situated in the debris at (he foot of the 
San Gabriel Mountains and are b in number. A des¬ 
cription of one jrtwrping station wilt ajijdy to all. The 
power for all the wells is distributHl at 2,2(10 volts 
from a central transformer station where the lines 
from the generating station bring in three-phase 
current at 10,000 volts. The wells are supplied, each 
with a horizontal induction motor capable of 
working continuously at ^0 h. p. output and tlie eentri- 
fugal pumps are af the vertical type and driven by 
quarter twist belts. At one station, the jmmp was 
placed at the bottom of a timbered shaft 140 feet deep 
and immediately over a 12in. tube well sunk a further 
460 feet. Owing partly to a long series of years of 
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deficient rainfiill and imrtly to the very heavy demands 
now made upon the stores of subterranean water, the 
level in the wells at North Ontario is steadily falling 
and nearly every year it is necessary to deepen the 
shafts and lower the pumps. For these reasons the 
horizontal motors and belt drives are employed. At 
the time of my visit the depth of water flowing over the 
.3 feet measuring weir was .3‘,37.oin. indicjiting a dis¬ 
charge of 90 miners’ inches or 1 '80 cusees on a lift of 
about ].')■) feef. The ])umps which are two si,age usu¬ 
ally run for months without stopping but they are 
examined and oiled every four hours. Electrical power 
hivs been in u,se only some three years ; previously 
both oil and .steam engines were employed, jmmping 
'having been necessary for the last ten yeats. 

The Canal Gmnpanij, Riverside :—Tliis Gom- 

j)any posse.ss 1,3 groui)s ot wells .-unk on the banks of the 
(Santa Ana river and asupply of about 1 ..'iOO miners’ inch- 
e.s or .lO cusecs is obtained by pumpiiig with power pur¬ 
chased from the Edison Electric Gompanies’ system, at 
the rale of As. 1 perK. W. hour. ()ne group of wells was (> 
in number, each a 7 in. tube sunk 400 feet. The water 
rises very nearly to the ground level and the working 
lift was about 32 feel. The gauged discharge of the 
pump was 2G5 miners’ inchei^ or .‘)'30 cn.«ees. The 
pump was vertical and driven by a horizontal motor 
through a qnarter^twist belt. Most of the wells con¬ 
sist of a single tube 10 or 12 inches in diameter and 
sunk to a depth of from five to six hundred feet. 
Vertical motors mounted on the pump shaft are ndt 
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employed as the pnmps have to be lowered occasionally 
and whilst the wooden shaft is being snnk it is neces¬ 
sary to keep the pump running. It is, therefore, sus¬ 
pended by a stout wooden framing from beams fixed at 
the floor level of the motor shed. Fonnerly all the 
wells used to flow, but now no water can be obtained 
except by pumping and the cost of irrigation per acre 
has been raised from Rs. (! to Rs. 23. 

Mr. Pedley, the (reneral Manager of the San 
Jacinta l.and Company, thus briefly narrates the history 
of the Temescal Water Company’s plant. “ Ten years 
ago this compiny had flowing artesian wells, but the 
supply gradually decreased owing to a series of dry 
years, and then the comjiany began to pump from some 
of the weaker wells in order to snifplement the supply 
from the stronger ones and in a short time all the wells 
censed to (low. The pumping was begun with centri¬ 
fugal pumps and oil engines. The water level fell 
steadily about t.m feet j>er year and the wells were 
then dug down to water level and the pumps lowered. 
This process was unsatisfactory and expensive in every 
way. The ]>umps were not suitable for the greater 
depths and the engines were not powerful enough and 
so had to be changed. Then the company experiment¬ 
ed with a steam driven air compressor and raised the 
water by injecting compressed air into the wells at a 
point about 160 feet below the surface; the bubbles of 
air, rising rapidly, expand a^ the pressure decreases, 
and so lighten the column of water that the pressuer 
at the bottom is sufficient to eject a considerable stream 
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of mixed air and water. The process was convenient and 
redneed labour because the air was all compressed at a 
eentral station and 2 >ipe(l to about 20 different wells 
doing away with a number of small oil engines. It 
was, nevertheless, very expensive, and, finally, the 
Company had to adopt electric jiower generated at a 
main station and distributed to motors.” 

The brief account is interesting as typical of what 
is going in the countrj' not only in regard to iiTigation 
by ynimping or even irrigation gejierally but in regarfl 
to almost all fields of activity. Some one lights .upon 
a good thing and every one wants to be in it, over- 
developrnent ensues and difficulties are created, which 
are met by heroic methods, the very boldness of 
which contributes not a little to the ultimate success. 
The (.lalifomian orange grower has in some respects 
very fu\ournble conditions under which to work. 
His present i)rosi)erous condition is*due not only to 
making the most of them but also to the disjda^ 
of unusual skill and energy combined with ade(|uate 
cajutal to command the services of the best obtain¬ 
able expert engineering assistance and further to 
what is perhaps almost a.s imirortant, unbounded 
faith in the jmssibilities df modern engineering. 
The average American, if he reads nothing else, reads 
his Sunday papers and dwells with huge delight and 
complacency on the itojndar science sections, in which 
are recorded the triumphant applications of physical 
science to the solution of (he material jiroblems whic5 
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constantly arise in the strenuous eflforts they are making 
to open uji the vast territories they have occupied. 

PumjAnr/ by Goinjmssed Air .—The I'ohlc Air 
lift is largely used for raising water from tube wells 
and is especially convenient where the wells are of 
small capacity and fairly numerous. For dealing with 
large bodies of water its mechanical inefficiency is 
against it but in other respects it is extremely satisfac¬ 
tory and requires no supervision outside that necessary 
for driving the air compressing plant. Through the 
kindness of Mr. .1. B. I.ippincott, the Supervising 
Engineer of the U.H. Geological Survey ml.os Angeles, 
I was furnished with a copy of a rejiort on tlie efficiency 
of these lifts made by Mr. David S. Mav]fhersoTi. The 
exjieriments were made at the t'udahy branch where 9 
wells have been sunk at distances ranging from 2!() to 
800 feet from the air compressors. Tlie wells are all 
12in. tubes perf)n»ted in the water bearing starta. The 
fctatical level of the water is 15 feet bi'low the surface 
but the jiumping lowers it about 15 feet so that the 
total lift (luring the trials was 60 feet. Tlie jiower 
plant consisted of 4 single cylinder air compressors each 
16in. byI8in. Two of the cylinders were driven by 
direct acting steam engines and two by a single cross 
compound engine. The’air compressors all deliver into 
a common receiver and the jiower required to drive one 
of the compressors was found by indicating one of the 
direct acting engines and multiplying the result by 
four. The wells discharge into a common finme and by 
current meter otsercations the flow was determined to 
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be 6'014 ciisecB equal to 41'1 h. p. in the water lifted. 
Four time.« the indicated h. p. required to drive a single 
compressor was 173’34, so that the efficiency of fhe 
plant was 23'7 per cent. In each of the wells a 6in. tube 
was submerged 90 feet and the compre.s.sed air from the 
receiver at a pressure of 45 lbs. )iei- square inch is car¬ 
ried in a small jiijie down the well and the end of it is 
turned up so as to discharge the air into the Gin. deli¬ 
very jtijje. 

The most recent practice, favours a submersion of 
the delivery pijie from 2.\ to .3 times the height to 
which the water is to be lifted and the air pressure should 
J)p just sufficient to allow a fre** flow. The methods by 
which the above stated efficiency was determined are, 
#f course, open to criticism as lacking in accuracy but 
they are probably devoid of serious error and agree with 
the generally prevalent impression among Californian 
engineers that the efficiency of well established plants 
is in the neighbourhood of 23 per cerd-. 

Severn' installations were visited in the country 
round Pasadena in conqiany with Mr. .1. 15. Tappincott 
to whom I am greatly indebted for niucli courteous 
assistance wlien making en(|uiries in this matter. Part 
of the water-supply for the town is derived from 4 wells 
each of Klin, bore sunk to a dejsth of about 400 feet. 
The discharge jtipes were Gin. in diameter and the lift 
about CO feet. The^air compressor was of the two stage 
type and the |*re.s8ure in the receiver was 80 lbs, per 
square inch. The water was raised to ground 
level and after jmssing through a settling tank, tft 
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get rid of any sand, was lifted an additional 40 feet 
by a centrifugal pump, driven off the fly wheel shaft of 
the air compressor. The plant belonged to the West 
Side Water Company and as its purchase by the town 
was under consideration, the engineer in charge was 
unable to afford any information regarding efficiency 
or working expenses. 

The second installation belonged to the East 
Whittier Land and Water Company and consisted of 14 
wells discharging into a concrete flume. The lift was 
about 20 feet at the time but only a few wells were 
being drawn ujjon and wlien full supply is being taken 
it is probably considerably more. The air comjjressor 
was of the two stage type and was driven by a Corless 
engine, which under full load was cajiable of indicating 
500 h. p. Steam was generated in tubular boilers, 
liquid fuel being used. (Ine man was in charge of the 
station and there is no doubt that hei’e, where labour 
is very expensive, the advantages ofthis method of lift¬ 
ing water were exemplified in a high degree. 

At a third station near Delmonte there are 1) wells. 
Three with a lift of 70 feet and the other six with lifts 
of from 85 to 92 feet. A Smith Vaile compound 
engine indicating 140 h. p. drives the compressor 
which raises the air to a pressure of 5(i lbs. per 8(inare 
inch, 6‘2 c. ft. of free air are used per c. ft. of water 
lifted. 

From enquiries subsequently made in TA>ndon it 
appears that the Pohle Air lift is very extensively used 
both in Great Britain and on the Continent. Mr. 
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C. T. A. HaDBsen, in an article contributed to the 
Enginem-ing Reoww of July 1904, states that upwards 
of 900 installations are at work. 

In a (Kiperread before the llritish Association of 
Water Works Knffineers, Mr. W. H. Maxwell, the 
Borough and Water Works Engineer of Tunbridge 
Wells, gave some interesting information regarding a 
Pohle Air Lift wdiich he had installed to supplement 
the water supply to the town. The boring is situated 
at a distance of .5.30 yards from the engine house, and 
is 3.50 feet deep; 200 feet is Llin. diameter and lined 
with solid .steel tubing, 150 feet is 13lin. in diameter 
rfind lined with perforated tubing. The air tsunpressing 
plant consists of two setsol two stage compressors with 
intereoolei's. The .steam cylinders are of ffin. and 12in. 
diameter and the air cylinders of lOin. and Gin. diame¬ 
ter, the stroke being 14in. Tho compressed air is 
carried to the well by a 4in. cast iron main terminating 
in a 2-oiu. pipe whiclr descends to thw bottom of the 
well and by a I' j)iece delivers the comj)ressed air into 
the rising main which is 7in. in diameter. The cost of* 
the installation excluding engine house, boilers, and 
lining and Iroring well wn.s Its. 50,G2fi. A number of 
tests of the plant have been made which show clearly 
that the efliciency is greatly dependent on the ratio of 
the immersion of the air pipe to the height the water is 
lifted. In the trial, which gave the best result, the 
lift at the beginning was 84 feet and at the end lOG'C 
feet, and the ratio of immersion to lilt varied from 3‘0I 
to 2‘2. The average discharge was 24.100 gallons nA 
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hour and the efficiency calculated on the I. H. P. of 
the engines was 36'8 per cent, and on the I. H, P. of 
the compressors 4C per cent. 

Even better results were obtained with an Air lift 
fitted uji by Messrs. Hughes and Lancaster for raising 
sewage at Rothesham- In a well, I feet in diameter, a ris- 
ingmain 12in.diaineterwas fixed nndimuiersedtoade]ith 
of 25 feet. Air under a pressure of 12 lbs per S(j. in. was 
delivered through a 3in. ])ipe. The lift was 1)'50 feet. 
During a trial I808’(i gallons per minute or 4'82.S 
cubic feet per second were raised with3‘411 cubic feet 
of air per second. The efficiency was 4!r5 i)er cent. 

A well designed Airlift is a very convenient device 
for lifting water and it is'Uie inefficiency of.the methods 
of compressing air which are in the main responsible 
for the low ratio of the output of useful work 
to the lotal jiower e.xpended. The Air Lift is a 
device apjdicable with advantage only to deep tube 
wells and is not' likely to be of much use in India,* 
where the wells are usually shallow and under normal 
conditions sekhmi contains any great depth of water. 
Eor the water-supply of towns, and possibly also for 
irrigation, it might be worth whileto experiment with 
tube wells, sunk by hydraulic jets in the deep sandy 
beds of some of our'rivers. Air Lifts are the only 
practicable means of drawing the water from such wells 
and it is more than probable that v€*y large quantities 
of water could be obtained in this way. The wells 

* Except in placex where Artesian supplies of water hare been 
found. 
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would require jtrotection from scour near the sur&ce 
and the cheapest way would lie to take advantage of 
some existing permanent masonry structure stretching 
across the river such as a bridge, aiiicut or causeway. 
American experience seems to show that the choking 
of the tubes by sand can easily be prevented. 

—American engineers have naturally paid 
a great deal of attention to machinery for lifting water 
and the Californian jn-actice of to-day is the outcome 
of fully fn e and twenty years’ intelligent study of the 
many phases of the water lifting problem which irriga¬ 
tion necessities have brought into existence. . F’or 
.dealing with large <|uantitie'-of water the centrifugal 
pump is nni\ersally enijiloyed and the details of its 
^design have been gradually perfected so fliat it is now 
a fairly effii ient machine capable of running continuous¬ 
ly for h)ng periods. I'ump makers are prepared to 
guarantee elliciencies of from (id to 7.5 jjer cent, tbe 
higher value with the larger pumjis,J)ut in practice, 
when the .'’ri.'tion of the suction and delivery pipes is 
.•dlowed for, the useful work in the water delivered is 
seldom more than .‘i.'i per cent, of the power expended. 
For high lifts two and three stage centrifugals are 
employed, the pumps being placed at the bottom 
of a jiil sunk to the w.ater levdl. They are invariably 
of the borixontal type with vertical shafts and are 
generally driven ,by quarter twist belts though in 
some instances where electricity is n.sed the motors 
are fixed above ground on the top of the ver¬ 
tical shafts. When the pumps are running, the down- 
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ward thrust is j>artly or wholly balanced by the upward 
pressure on the pump wheel due to the suction entering 
on the top of the pump casing. When the pumps 
draw water from one or several tube wells grouped 
together fool valves are out of the (juestion and at 
starting either steam ejectors or air pumps are used to 
create the necesaarj’ vacuum. Where fool valves are 
in use the pumjis are primed from an overhead tank 
which is kept full of w.ater and ready for use at any 
moment. For the rice irrigation in Texas and 
louisiana both rotary and centrifugal pum])s are used. 
The latter are jireferred though the. former are more 
efficient. The quantities of water dealt with are. some¬ 
times extremely large but the lift ii- not great, averag¬ 
ing about 20 feet. The diameters of the piimji dis¬ 
charge i)ipes range up to a.s much as 60 inches with a 
delivery of 100 cubic feet per second. Direct coupled 
engines and puTn)!.- are not in favour and belt or rope 
drives are usually employed. 

The enormous development of wdndfnills for 
‘immping water has led to a good deal of attention 
being paid to the design of small bucket jmmps. A 
careful series of tests by Professor O. Hood publish¬ 
ed in the Water Supply and Irrigation l*ai)er8 of the 
fTeological Survey, show that efficiencies of over 
80 per cent, are easily obtainable when the speed of 
working is not too great. The most imjwrtant feature 
in the design of these pumjjs in the' provision for the 
withdrawal of the piston aild suction valve for examin¬ 
ation or repair when the pump is .submerged. On the 
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oil fields of California I saw a large number of deep 
well pumps worked by wire ropes attached to a large 
eccentric driven by an oil or steam engine. In some 
cases more than a dozen wells were being pumped by one 
centrally situated engine which, through a pair of bevil 
wheels, drove a vertical shaft carrying an eccentric, 
to the sheaves of which the wire ropes radiating in all 
directions were attached. The shaft made about 15 
revolutions per minute and the eccentric had a radius 
of 12 inch«! giving the pumjjs a stroke of 2 feet. The 
wires were suspended in slings attached to cross arms 
on wooden poles and the pumps could be worked sktis- 
/actorily at a distance of half a mile from the engine. 
It seems to me that this system is capable of very 
extended apjtlication in this country where there are 
many tracts of country vrith numerous shallow wells, 
none of which are individually capable of yielding 
sufficient water to give employment to the smallest 
practicable installation of oil engine %nd centrifugal 
pump. By installing a backet )>ump in each well and 
coupling it up by wire rope to a central station of this 
kind it will be possible to employ an oil engine to 
pump water from all the wells situated within a radius 
of half a mile. The efficiency of this method of 
transmitting 2 mwer is fairly high and it ought to prove 
quite as economical a method of pumping as with 
centrifugal pumps.« To adapt this system to irrigation 
a great many details have to he worked out, but there 
appears to be nothing serious to overcome. It is, 
certainly worth trying in this country because, if 
23 
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Buccesafnl, it opens out a very wide field for the 
application of mechanical power to the lifting of water 
for irrigation. 










« ABYSSINIAN " 
pR DRIVEN TUBE VEILS. 

RECOMMENDED BY THE SANITARY 
COMMISSIONERS OF BENGAL, 
BOMBAY AND MADRAS. 

^ Attention is partiouUrly directed to Riis 
simple method of obtaining water, where pure 
wat^ is an inestimable boon. 

This system offers every advantage of rapid* 
ity and economy in obtaining unfailing sup* 
plies for irrigation, manufactnring and other 
purposes, thereby enabling operations to be 
carried on where hitherto the want of water 
has proved a fatal barrier. 

Tube Wells arc suitable for light, sandy or 
gravel soils, chalk and other porous water¬ 
bearing strata, where water is found within 
2.^ feet of the surface and are not recommend- 
cd for clays, marls, and bne sands, neither 
can they penetrate Rock.** 

Steam, Wind, Biillocl:, or manual Pumps 
ara adapted to these Wells: hence tracts of 
country at present lying idle can be converted 
into esoollent land for cultivation. 

Fig. I show, a Tube Well driven into the 
ground to a depth of 2r> feet. 

Sets of Driven Tube-Well Pumps- 

We recommend our improved Closed Top 
Pitcher Spout Pumps, No. 205, because they 
arc cheap and effective in the majority of 
instances, but they have the defect that unless 
the Pump is fretjuently used, there is a little 
difficulty in re-starting them. Wu conseriuent- 
ly advise the use of No. 2^9 Pump. In this 
Pump the water always stands above the val¬ 
ves, and the Pump can be worked at any time 
without trouble. 

No. 3. SET consisting of 20 feet of 
l.Vin. Well Tulm, No. 205 
Pump as illustrated with 
in. barrel. Filter Point, per sot, Rs. 49 
No. 4. SET as above, with No. 289 
special Lift ood Force Pump, 

Dorset ... ... ... Ka. 90 

Write for further pttrtieulare to: 

Oakes & Go., Ltd./ 

Post Box 60. MaORAB. 




OAKES & CO., LTD. 

. ENGINEERS, IRONFOUNDERS,COPPEE. 
SMITHS, Manufacturers of Hoad Bridges, Iron 
Buildings, Roof Trusses, Well Curbs, Caissons, 
Sluice Gates, Cast-Iron Columns, Lamp Posts, 
Spiral Staircases, Ornamental Railings, Road 
Rollers for Hand and Bullock Power. 

SANITARY ENGINEERS, Plumbers, Drain- 
age and General Contractors. 

. CONTRACTORS to the Public Works 
Department, Itidian Railways, Municipalities, 
'Local Fund Boards etc. 

LARGE STOCKS ARE KEPT of Dorman 
Long & Go’s,, Rolled Steel Joists, British Steel 
Plates, Sheets, Rounds, Flat, Squares, Angles 
and TEE Bars, Engineers and Contractors, Tools^ 
Hand and Steam Power Pumps and Pumping 
Machinery, Agricultural Machinery etc. 

SOLE AGENTS for Tylor and Sons’ Water 
Metres, Waste Preventing Waives, Waterworks 
Fittings, Fire Valves and Fittings. 

Engineers’ Stores, No. 9, Broadway, 
ironworks, No. 93, Broadway. 

George Town, MADRAS.* 









Tangyes Tan Gyro. 

A NEW 

High Efficiency Pump. 



The most efficient Centrifugal Pumps for Irrigating 
small and large tracts of lands yet made 
For Lifts of 33 V5 120 feet. 

Its special features are: 

High Efficiency Ring Oiling Benringt 

Low Power Woter Sooted Otos^ * 

Variable Hcada aad Qnaatittes Coaafaat Speeds. 

Sole Agents, in the Hadm Presidency. Mysore. 
Travancore and Cochin States. 

SUES a CO., Lu., immis.' 

• • 




NEW DIAPHRAaM SUCTION LIFT PUMPS. 

FOB IRBIGATINO OABBENS, Be. 
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The Diaphregn Svetioa Lift Pump ia fitted with the suction at ’ 
bottom or at side. In these Pumps the diaphragm takes the place 
of the plunger hod tliey arc particularly adapted for pamping 
tvater containing mud, sand, grarol, sewage, coal, chips or any 
semi-fluid matter. 

The Levers are reversible and work at back, or on cither 
aide. Pomps with bottom soetion are used in places where they 
can remain stationary. 

The lower Valye is of Metal, rubber-faced, easy of access 
and readily removab'le. Waterways are large and easy. Diaphragm 
is made of bat qtutlUy rubber. 

*No. OlII Diaphragm Pomp with Soetion at Bottom for 3 inch 
suction and delivery Hose. Approx discharge ,3f>00 
gallons per hour ... ... ... Rs. 1)0-0 

„ Diaphragm Pomp with Soetion at Bottom for 4 inch 
suction and delirery Hose. Approx discharge 6000 
gallons per hour ... ... ... Rs. Ifdi-O 

No. 0112 Diaphragm Pomp with Soetion at side of Pump for 

3 inch suction and delivery Hose. Approx discharge 

SfiOO gallons per hour ... ... ... Rs. 110% 

„ „ Diaphrngof Pump with Soetion at aide of Pomp for 

4 iooh suction and delivery Hose, Approx discharge 6000 

gallons per hour ... ... Rs. 208-0 


gallons per hour ^.. ... ... Rs. 208-0 

OAKES A Co., Ltd., ADDBESS. 

Post Box No. 60, MAOR.AS. 
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Oakes & Co., Ltd., 


DEEP WELL LIFT 

AND 

'tbBCE PUMPS. 

For Wells of 20 to 100 ft deep. 

The illastration represents a 
Deep Well Pump Standard and 
Cylinder in operation. It will be 
seen that— 

1. The Cylinder or Working 
Barrel is lowered to within 20 or 
ir> feet of the water, or it may be 
placed in the water if well is 

ep. 

2. The Standard is fired over 
the ^yell and an Iron Rod attached 
to the I.ever handle pansos down 
the Sttotion or Connecting Pipe 
and works the Plunger.* The 
Pumps can be supplied with single 
or double-acting Cylinders. 

The depth of the well should 
determine the sine of Cylinders. 

For particulars and prices 
write for ValcUoguc. 

Estimates for Pumps. 
30 feet Deep. 

A1.L fAKTS PIITEDTOOETHBKASD 
MAllKB.q BEFORE UBSPATOH. 

Deep Well Pump complete with 
No. 126 Standard, No. 0121) 
Single-acting 2J inch Cylinder, 
1^ inch Suction and Connecting 
Pipes, Pump Bods, Couplings 
and Guidos, Foot Valve and 
StriBner for Wells of 30 feet Deep 
Ra. 9a-8. 

Extra Pipe with all Fittinga 

per foot. Rs 12, 
MP'Packiog is an extra cost, and 
varies from 2.;- to 6 per cent 
more on the price. 

r,EITEK Post Box ||a|||.J|B 
AUDRB8R. . Mo. 60. WaUI OOl 




















Everything supplied ir^ Er^gineering and Hardware Stores. 


Telkoh^m ; “Gkly" Mkdru. 


Telepboke: No. 44. 


















Massey and Co., Ltd., 

ErJGIIMEERS, 

MADRAS. 



Sole Agents in Southern India 

FOR 

Hornsby Oil Engines 

ENGINES 2 TO 16 B.H.P. ALWAYS IN STOCK. 

These Engines are suitable for use with either 
crude or refined oil. 

Cataloguea and Price LiMe on c^icaiion. 





















Messrs. Batiiboi & Co., 

49, Forbes Street, Fort, 
BOMBAY. 



ALWAYS IN STOCK:— 

Looms, Ginning and Pressing Machin¬ 
ery, Lathes, all kinds of Pumps, Print¬ 
ing Machihery, Oil, Flour, Oat, and 
fiice Mills, Grain Crushing Machines, 
Beltings, Platform, Beam, and Cart, 
Weighing Scales, Drilling, Screwing, 
Punching, Shearing, Shaping, Slotting, 
and Plaining Machines, W. I. Pulleys, 
Shafting and Gearing, Winnowers, 
Wheat Dressers, Mill,, Prels, and Gin 
Stores. 

Prices and particulars on application. 



Messrs. Batliboi & Co., 

49, Forbes Street, Fort, 
BOMBAY. 



Messrs. PENMAN & Co., Ltd. 

Well-Known Makers of Highest Class 
of Steel Lancashire & Cornish Boilers 
from 100 to 200 lbs. W(»rking Pressure. 

Thousands of these Boilers working in 
Mills and Factories of ail kinds. 


Prices and particulars on application^ 








Greaves Cotton & Co., 

Engineers & Machinery Importers, 
BOMBAY. 

Sole Agente for 

“ EUSTON " PATENT OIL ENGINES 

— ANU — 

HELICAL CENTBIFUGAL PUMPS 

SUITABLE FOR BOTH CRUDE & REPIKED OIL. 
- BY - 


RUSTON, PROCTOR & CO., LTD. 



HUNDREDS WORKING SATISFACTORILY IN INDIA. 


Wbat IB claimed for the 

“Buston” PATENT OIL ENGINES 

after long experience is:— 
Highest economy, Adaptability, Cleanliness, Simpli¬ 
city, Easy starting. Regular running. Freedom from 
repairs. Efficient lubrication, etc. 

Estimates free on application to 

BREAVES COTTON & CO.p 

Engineers and Maehinery Importers, BOMBAY. 


















IRRiGATION PUMPiHR OUTFITS. 



MV fan make Units for any quantity of water and 
for any height of delivery. 

We make a speciality of designing Pumping 
Machinery for irrigation purposes whire large capacity 
is needed. ^ 

We are Manufacturing at present Small Pumping 
plants, which are specially designed for Indian 
conditions, to meet the demand which exists for a 
rdiahls means of lifting moderate quantities of water, 
moderate heights, by cheap m%thods. 

Write for special literature to 

WORTIIIBTlIll PBIP eOlPUT, LTB.. 

to, Clive Street, 

CALCUTTA.. ' 





THE 


WEALTH OF INDIA 

A MONTHLY MAGAZINE OF INFORMATION AND INSTRUCTION ON 

Africaltere, Trade, ladaitry, Eeoeoaiee, Co-opcratioa, 
Beakiag, lunnwee, Batiaete Mclikodt, SeieetiGe 
Md Tcekaieel Edeeatioe ud all otber lopiet 
rclatiag to Material Profreea. 

EDITED BY 


MR. O. A. VAIDYARAMAN, B. A., 
SUBSCBIFTION INCLUDING POSTAGE. 



Inland, 

Fortign. 


Ks. A. P. 

«. d. 

Per annum 

...3 0 0 

... 6 0 

Single copy 

... 0 5 0 

..; 0 6 

Sample copy 

...0 2 0 

... 0 3 


All remittances and letters should be addressed 
to the Publishers, 

Messrs. G. A. ValdyaRaman & Co., 

8 & 4, SunSumma Ghetty Street, 

HADRAS. 


SWAMI YIYEKANANDA 

AK Exhaustive and Compbehensive collection op 

HI5 SPEECHES AND WRITINGS. 

This pnblioatioo is the first of its kind. It is the most exhans- 
tive and comprebensivo collection of the work of Swani Viveka- 
Banda bilhcrto published. It contains, among others, bis eloquent 
obaraoter sketch of “ My Msster ; bis celebrated lecture at the 
great Parliament of Religions at Cbioago; all the important and 
valuable speeches delivered in England. America and India on 
Gnana Yoga, Bbakti Yoga. Karma Yoga, Vedanta, and Hinduism; 
selections from the inspiring speccbes be gave, in reply to address, 
es of welcome that were presented to him at difiorent towns and 
oities m India, during bis historic journey from Colombo to Al- 
mora. on bis return irem America. 

Detailed contents—My Master,* ninduism as a.Religion; 
Reply to the Addresses of Congratulations from Madras and 
Calcutta; The Ideal of Universal Religion; God in Everything; 
Immortality: Is the Boul Immortal; The Freedom of the Soul; 
Sifaya and Illusion ; Maya and the Conception of God; M.'iya and 
Freedom; The Beal and the Apparent Man ; Tbo Absolute and 
Manifestation ; Unity in Diversity ; The Cosmos ;^be Maoiocosm; 
Realization ; Karma Yoga; Metaphysics in India ; Re incarnation ; 
Bbakti or Devotion ; Vedanta; Tbn Vedanta in Indian Life ; The 
Mission of the Vedanta; The Sages of India; Christ, The 
Messenger; The Relation of Buddhism to Hinduism ; The True 
Method of Social Reform ; The Reform of Caste; Education on 
Kational Lines ; The Conquest of the World by Indian Thought; 
Poems, etc. Contains also Four PorlraitB. ^ 

Fifth EdltloD. Revised and Enlarged. 

Price Ri 3. To Bubscrihers of ** The Indian Review," Bs. 3-b 


HINDU PSALMS .AND HYMNS 

By mb. K. V. BAMABWAMI, B.A. 

The lothoi hae given Bcns ct the choicest stotras both from 
the olsssical and thetrernsonJar literatures of India. Apart from 
the Sanskrit hpmns from th,« Vedas, Faranas, and the Upanishads 
frith their English trenslations, tre have eeleotiona from the 
Aantings of Zhnkaram, Kabir. and Mabai. Prlee it. 4, 

Q,A. Natniii & Co.. Foblicben, George Iovd, Medru. 




Hindu Religion and Philosophy. 

Bri Bankaraeharya.— I—Hi. Life and Dimas. By C. H, 
Kriehna«w»my Aiyar, M.A.,Ii.T. II—Hi. Philosophy. By Pandit 
Bitanatb Dattvabhu.bao. Both in one volume. As. 13. To 
Subscribers of “I. R.’’ As. 8 

Sri Hadhwa and Hadhsalim.— A ehort Historio Sketch. By 
G. N. Krishnaswamy Aiyat, M.A. As, 13. To Bubsoribers of “l.R,” 
As. 8. 

BrI Ramannjaoharya.— Hi. Life aod Times. By S. Krishna- 
Bwami Aivangar, H.A. His Philosophy. By T. Bijagopalaobariar. 
M.A., B.L. As. 13. To Subitcribcrs of the “Indian Raviow." As. 8. 

The Life and Teachings of Bnddha. ByDhartnapala. Saoond 
Edition. Price As. 12. To Su'oaeribars.'' I.R.”, As. 8. 

Sri Sankaracharya'a Select Works.— The Text in Sanskrit 
Devauagiri type and an English Translation. By 8. Venkatara- 
manan, B A. Price Be. 1-8. To Subscribers of "I. R.” Bo. 1. 

The Yalehnavalte Beformera of India —Critical Sketches of 
their Lives and Wntirgs. B<- T. Rijagopalaohariar, M.A., B.L. 
Price Re. 1. To Subscribers of “ l.R.” As, 12. 

Bwami Yiyekananda.— An exhaustive and oomprehenaiTs col¬ 
lection of his spoeones and writings. With fmr portmils. Filth 
Edition. Price Us. 3. To Subscribera of "I R." Rs. 2-8 Ae. 

Bipeotaof the Vedanta. By varions writers. Seoond Edition. 
Ac. 12. To Subscribers of the “ 1. R.," As. 8. 

Ten Tamil Saints By Mr. M. 8. Piirnalingam Pillai, B.A., 
L.T. Price As. 12. To SuDscribere cl “L R.. " Ae. 8. 

India’s Untouchable Saints. By K. V Bamaswami, B.A., 
B.L. Price As. 6 To Subscribers of “ 1. R., ’’ As. i. 

Siientials of F.indaiim. A symposium by emineut Hindus. 
Second Edition. .As. 13. T.i Subeoribers of “l.R.” As, 10. 

Hindu Psalms and Hymns. By Mr. E. V. Bamaswami. As.l. 
Haitreyi : k Vedic Story, By Pandit Bitanath Tattva- 
bhnshan. Price As, i. 

Light on Life.—A Boleotion of Five Spiritnal Disoonrsae by 
Baba Permauaiid Bharati. Price As. 8. To Subscribers of the 
‘‘ Indian Review,” As. 6. 

Icf'If you have not already seen the Indian BevUu), the cheapest, 
the best and the most up-to-date Indian potiodioal, edited by 
Mr. G.A. Natesau. send your name and address with a four anns 
postage stamp for a speoimeu oopy. Pingle oopy, As. 8 
Annual subscription in India Bs. Five. (Foreign) Bs. T-8, striotl] 
payable in advance to Messrs. Q A. Niitesau & Co., Fublisbets, ol 
the “Indian Review,” Suukurama Obafti Bt., George Town, Madru 
• — ' — —— • ■ - - - — .1 ■■ 1 1 11 

G.A. Natesan is Co.. Fabliahergi Qsorga lowo, Madras, 



BSSAYS AND DISCOURSES 

By DR. PRAFULL& CHANDRA BAY. 

PRKFAOB:-~ThiB is tha first Attempt to present to the 
■ public a aomprebensive collection of ‘'bo Essayd and Disoourses 
of Dr, P. C. Bay, the well-known Indian ohomist. Dr. 
Bay’s resoarobeft in ohemigtry and biR eloquent exposition 
of the ancient Hindu Kmeneo are mabter of common knowledge. 
Appropriately, therefore, b*s contribu’^ious on scientific researches 
and Hindu Chetuistry find precedence m this volume. But 
hia interest in iudastriai and educaiioual matters has been 
DO lees keen its will be seen from a pecus.*! of his spirited 
evidence before tbe Industrial and the Puolic Borvioes 
Oommissions. His paper on The Bengali Brain aod its Misuse” 
and his address to the Indian Kainoual Social C>afeteuoe at 
Calcutta contain some tnnch'mt criticisms of thtr Hindu Social 
polity. Hie handsome tributes to the services of such •Indian 
patriots as Ananda Mohan Uoso and Dadabbai Naoroji and bis 
generous approoiai-iou of lae liio and career of Sir William Weddeto 
burn testify to the Rilcnt interest ha has all alqpg been taking in 
the political advancement of this oouniry. 

The addition of a biographical sketch and the list of original 
ooutribotiouB by Dr. Hay and bis pupils of tbo Indian School of 
Chemistry will, it is hoped, eubanoe the value of this oollootiou. 

CONTBNTS.~8oicutific Education in India, Progress of 
Chemistry ;n Bengal, Chemistry at the PreiRdenoy Coliege,- Pursuit 
of Chemistry in Bengal, Chemical Industries in India, Chemistry m 
Ancient India, Antiquity of Hindu Chemisi-ry, Higher Bsionce'^a 
the Universities, Chemistry and Medicine, Science in the Vernaculae 
Idtoraiure, Indian Education, The Educational Service, Centenary 
of the Presidency College; The Bengali Brain and its Misuse, Booiai 
Befeirm in India, Government and Indian Industries, Ananda 
Mohan Bose, Dadabhai Baoroji, Sir William Wedderourn, The 
.Indian Cuhool of Chemistry. Bengal Ohemtoai & Pbarmaoeuttoal 
Works, Ancient India, Modern India. TKtfit a FrontUpieci* 

5ELECTEIMAN0 REVISED BY THE AUTHOR. 
Price Be. 3. To Sabscribere of the ”I.B.” Be. 2-8. 


-6.A. Nikiieska & Co,, Fablisbers, Qaoige lown, Msdns. 



DELHI: THE CAPITAL OP INDIA 

'TBIS 18 a tborougbJy revued ud enlarged edition oi “All About 
^ Delhi,** a publication iseoed a few montba before the Delhi 
Coronation Durbar. The original edition was got up in eome hurry 
to serve as a guide book to the thousands who thronged to Delhi to. 
witness the Coronation of the King Bmpcror. Since then Delhi 
has become the Capital of India and has regained its importanoe- 
as the oeotre of political and inteiieotual life in the Indian Kxnpire. 
The historical sketeh of Delhi has been brought up up-to-date. 
The old obaprers have been entirely recast, many new ones added 
and the scope of the book considerably enlarged. The bock givee- 
in a modest oompass a eucoinot history of the Hindu, Pathan and 
Mogbul dynasties who reigned over l>lbi and also a vivid account 
of the British occupation together with the story of the mutiny. 
The history and antiquities of Delhi are discussed at some length 
and graphic accounta of notable sights and scenes from well-known 
travellere and visitors are presented with suitable reproduotiions of 
illUKtralioDs. The present edition may claim to be an exhaustive 
hand book compiled ircm authentic sources. To make the book 
thoroughly comprehensive three appendices have been added giving 
picturesque accounts of the Durbars nod the War Coofereooe and 
the Coii^fience of Ruling Chiefs and Princes. The value of the 
bock is eubanoed by the addition of a oompleic index and 54 
portraits, illustrations and maps. 

‘ Contents. 

Delhi->tbe Capita] of It.dU. Delhi Under Hindu Kings. 
Early Muhammadan Kings. The Mogbul Emperors. Delhi 
Under British Buie. Seven Cities of Delhi. Kutub. Sin-Jaban - 
paoab- Tugblakabad. Firozabad. The City of Shersbah. General 
Survey. DargahKizamuddiu. Sooond Excursion. Shabjabanabad. 
Shah Jafaan’a Palace. The Gardens of Delhi. Environs of 
Shabjabanabad. Mutiny Sites. The Delhi of the Future.’ 

APPENDIX. 

The Durbars of Delhi : The Durbar of 1887. The Durbar 
of 1903. The Durbar of 1911. Despatches on the Change ob 
Capital. The Chiefs' Conference, War Conference. 

With Index and 54 illustrations. 

Bb. Two ; To Subscribers oi '* The Indian Review,** Re. 1-8. 

Bombay Guardian :-~-We have to thank those most enterprising 
publishers, Messrs. 0. A. NatCsan end Co., of Madras, for a pile 
of useful little books. This ie the firm that brings out The Indian 
Bevieie. That firm has stepped entirely out of the common run 
of Indian puklications. and in place of supplying a markeb—work 
which always affords room for fresh enterpr^e—*it baa oreated a 
market, by boldly devising and tururog out books which peopla 
ought to waut and soon learn to want. 

€r/ A. Nsteian A Oo., Pablisbers, George lovo, Madru. 



IVacha’s Speeches and Writings. 

CONTENTS. 

OoDgreas Presidenlial Address, Calcatta, 1901. Evolatioo of 
lodian Trade ; Science of OommerM.; Stray thoughts on the Study • 
of Boooomios ; Statistioai and Hooaomio Study among Indians ; 
Indian Bailway Finance ; Indian Military Expenditure ; The 
Indian Oommoroial Congress ; Agricnltural Banks in India ; The 
Gnrrenoy Question. Addresses to the Miilownors’ Assuoiation. 
Bombay Congress Beoeption Committee’s Addresses. Bimultane- 
006 Examinations. The Indian Civil Service. Evidenco before the 
Welby Commission. Appendix. Index with a portrait. Bound 
in cloth. 

The 17i«idtt.‘~Sir Oinshaw’s forte Is, as is well-known, finance 
and it is not surprising that out of 19 seleations about 15 directly 
relate tc finance and constitute an exposition of his views on the 
Indian financial questions. 

LuckMV) Adwcate.'^lt is a storehouse of valuable infer- 
.nation. 

Price &B. 3. To Subscribers of the l.R. Is. 2-8. 


SURENORANATH BANERJEA’S 

SPEECHES AND WRITINGS. 

An up-to-du. onDeocinn of the speech., of the Bon. Mif 
'BurendraDHth Benerjee. It contein. his many impottant Oon- 
gtesa Speeches inclttdini; his two Presidential Addresses, hie 
Sp’oeohes in the Vioeregpl Conneil, and several important ones 
delivered both in India and m Eneland during his visits to that 
Bonntrr in onnneetion with the Press Conference and Congtese 
Propaganda Work. 

Stm Ztidiii,—Messre, C. A. Kateson A Co., of Madras, have 
done well to have bronght oat a handy edition of his speeches and 
writings at the present time when public thought requires all the 
idatecial it can possitly obtain for its stimulation. 

PrhiB >i. 3. To Babserlban at the “ I.K. - Rs, S-t, 


A. Nateaan & Co„ Pdbligberg, Gaorga Town, MadtafS. 



INDIAN NATIONAL EVOLUTION 

ABBIEF SURVEY OP THE ORIGIN AND PROGRESS OP' 
THE INDIAN NATIONAL CONGRESS AND 
THE GROWTH OP INDIAN NATIONALISM. 

B7 HON. AMY1K«\ CHARAN MAZUMDAR. 

Contents :-~lBtroducfccry. Tho GeocsiR of Political Move* 
meat ui ludia. The Early Prienns of India. The Indian Press. 
Tbo Gathering Clouds. The Gluuds Lifted. The Dawning 
Light. The Inauguration and the Father of the Congress. Toe 
First Session of the CoiigrebS. The Career cf the Congress. Tho 
Bacat Imbroglio and tho Allahabad Conrentiou. The Work in 
England. The Congress : A National Mor'incnt. TheBucceasof 
the Congress. The Partition of Bengal. The Indian Unrest and 
its Remedy. The Dcpreasicn. Tbo Ecorganisaticn of the Congress. 
Tbo Reconstruction of the Indian Civil Service. Tho Indian 
ReprOhenUuiou in Brici<>b ParlinniHit, India in Partv r.,litiGs. 
The Educational Pcobleni. India and the War. Th * New spirit 
and BcU-Governmont for India. .Appendices, lodes and Illus* 
Intinns. 

Nfio IVidio.—A Tclume of 25 chapiers and 460 pass '!, ftom 
cover to oovor it IS useful, suggestive, oreathiiig inspirHlicn and 
hbpe. The well informed author logins at the legmuing ; not 
only at tbo laying of the foundation i-r.'.ne of the Congrot^s but 
prior to that period even. 

A N&w and Up £o-dnfe Minn. 

Price Rs. 3. To Subscribers of the "1 R ” Bs. 2-8. 

The Indi&n National Congress. 

IHLI, TEXT 01’ ALL THE PBEBIDENTIaL ADDRESSES 
AND THE RESOLUTIONS PASSED Uf-TO-DATK 
Second Edition; Crown Svo., 1.526 Pagea. 

Bound ill Cloth and well Indexed, 

The Bindustan Retnetc.—Tbs Indian etatefiman, politician, 
or pnblici.t cniild eearceljr bayp at tbm time of the year a better 
book on hie shelf than that designated, TIu Indian National 
Congress. It is obvious that no poblio man or publicist’s book¬ 
shelf of works of reference can be complete without a nopr of 
Mr. Natesan’s excellent oompilation of the Oongress literature. 
Coneidering its bulk and matter, it Is oheaply'priced. 

PRICE BB. FODB. TO Bnbtcriben of the “I.K.” KB. THBEB. 


G: di. Naiesan St Qo., PabliaherB, George Town, Madras. 


Wedderburn’s Speeches & Writings. 

T he Publisherg have moo c\6ry endeavour to js&)(e this colleo* 
tinn comprehensive and up-to.date. The matter vras selected 
by Sir WilHam^Weddorbnrn himrelf. Tho firet pan cnntainR the 
full text of hie two Congress Presideniiai Additbses ; the second, 
all his speecbee in the House oi Commons; the ibird, Miscellanooua 
Speeches on a variety of topics relating to Inaia ; the fourth, 
** CoiitribLt:one to the Press” on Indian Qnesciotis ; the fifth, 
” Personalia’' being hts speecbea and wriiitigs iii apnreciatiou of 
bis Indian ami Buropr'an friends ; ard the sixth, ” Beplies to 
Addresses and EiitertHiiiments” in India and England, in part 
eovtn, entitled ” Appieriatienp,” we have a Fclccti(»ii (f tributes 
paid to Sir William’s servicrs to India by his mimcrous English 
and Indian frienda and admirers. 

Part 1. Congress Speeches : Presidential Aodicsies, Bombay 
Congress, J8B0 ; anu AlinbxbHd Congress. 1910. 

Fart 11. fipeecbes in the House of Commons— &jxnuh aneoos 
Examinatiiins. The Condition of the peopla of India, parlia¬ 
mentary Inquiry for India. Indian Bxpendiiure. The Oovero- 
meat’s Policy m Chitral. Speech on the Indian Budget, 1895. The 
Betontion of Chitral. The Cotton duties and the Indiini poor. 
Indian Troops at Suakiu. The Maharajah of Jhalawar. The 
Scrutiny of Indian Accounts. ThcConuition ui ifie Indian Masses. 
The Problem of the Indiau Bayat. Thr Condition of India. The 
Poverty of India. The Calrutia Municipal Bill. Parliament and 
Indian Affairs. The Eamine in India. The Indian Budget, 1900. 

Part 111. Uiscellaueoas Speeches: 

Part IE. Contributions to the Press: 

Fart y. Personalia: 

Part yi. Beplies to Addresses: 

Fart Vli. Appreciations: ^ 

Indton Social Se/ornieir.— The volume should be in every 
collection of books beam gen Indian political and administrative 
reform. 

With a portrait and Index. Cloth bound. 

Price Rs. 3. To Subscribers of the “ I R, ” Rs. 2-8. 

The annual subscription ^o the “ Indian Bevisto " ii 
Bs. 5 (Five) only indvdxng pcstoge Hubhcriptxen can conifnenct 
from any month. Jf yoU hntc not already seen the*'Beviev)** send 
postage stamps for As, Four for a specimen copy to 0. A. Natesas 
dCo., Publishers,9 Madras. Please note that curtent issues an 
not given as specimen copies 

G. A, NateBau & Co., Fubliebere, Georeo Town. Madras 




Indian Political Literature. 

aanilhi’l Spseohei aad Vrltinji.— Seaoaii Biiiion, oonaide»b> 
ly enlatgeci; with a sketoh ol his Ufa and oaroec and sevstal 
portraits aad illustrations : Indeied, Oloth Bound. Bs, 3. To 
Bnbsoribers o( “I. B.” Bs. 2-8. 

The OoyeFnanoe of India.— As it is and as it n 0 y be: A hand¬ 
book ol Brogressive Polities. Bsbu Gorinda Das. Prioe Bs. 3. 
To Subaotibors ot “ I.B.” Es. 2-8. 

Snrendranath Banerjea’i Spseehes and Vritings.— Com* 
prehensive oolleotion. 3. To Subaoribars oi“ I.B.” Bs. 2>8. 

Waeha’i Speeshes and Writings.— Oomprehensise oolleotion. 
Price Bs. 8- To Suosonbers of “I.B.” Bs. 2-8. 

Wedderbnrn’s Speeches and Writings.— An up-to-date oolleo¬ 
tion. Price Bs. 3. To Subscribers of “ I.B.” Bs. 2-8. 

The Depressed Classes.— a epmuosinm by His Highness the 
Gaekwar of Baroda and several eminent Indians and Englishmen. 
Second Editinn. Price Be. 1-4 as. To SnbsoriOers of “I.B ” Be. 1. 

Dadabhal Naoroji's Speeches and Writings.— Seoond Edition. 
Bs. 3. To Snbeoribers of ” I.B." Bs. 2 8. 

OoUiale's Speechos.-Cloth bound. Price Bs. 3. To Subscri- 
bets of " I.B.” Bs. 2-8. 

The Indian National Oottgress.-- A new and np-to-date edition. 
Poll text ot all the Presidential Addresses. Besalations, Portraits 
ot all the Congress Presidents. With an Index. Bs. 1. To 
Subscribers of “ I.B." Bs. 3. 

Delhi: The Capital ot India.—Socood Edition Bovised and 
enlarged witb 54 lilustratious. Prise Bs. 2. To Subscribers of the 
'T.E.” Be. 1-8. 

Barojtni Natdu's Speeches and WriUngs. Second Edition. 
Bevised and Eulargad. Price Bs. 1-4 as. X'o Subscribers of 
"1.8.” Be. 1. 

Wontaga's Indian Speeches.—A new and up-tc-date edition, 
Jt'riee Be. 1-8. To Subscribers of" I.B-" Be. 1-4. 

Worley’s Indian Speeches. —Crown Svo. Bevised and enlarged. 
Prioe Be. 1-8. To Subscribers of ” I.B.” Be. 1-4. 

Indian National Eyolution. By Amvioa Gbaran Musumdat. 
Hew Edition. Bs. 3. To Subscribers of “ l.R ” Bs. 2-8. 

Rash Behari Ohose'i Speeches and Writings. Second Edition 
Be 1-4. To Subscribers of ” I.B.” Be. 1. 

King George's Speeches on Indian Affairs, Seoond Edition. 
Price Be. 1. To Subscribers of " I. B.” As. 12. 

Basant’s Speeches and Writings pn Indiag^ Qaestlons. Pcica 
Be. 1-8. To Bnbsoribers of “I.B.” Be. 1-4. 


6. .4. Nntesan & Co., Fablisherg, Gaorgo Town, Madras. 




The “Friends of India” Series. 


!Ehi. i. * new Betiei o{ short biogrophioal sketohes of eminent 
men vho have labonted for the good of India, nhieh the Fabiuhen 
ventnre to think will be a weloome addition to the politioal and 
histcrioal literature of the oaunery, Ihese biographies ate so 
written as to form a gallery of portraits of permanent interest to 
the student as well as to the politioian. Copious extracts from thp 
speeches and writings of the “ Friends of luoia” on Indian ASairs 
ace given in the sketches. Each volume has a fine frontispieoe. 


Eobd Mobley 
I lOBB Bifoh 

SiE William WBnDEnnuBN 
Mbb. annik bebant 
X iOBD Minto 
Edmund Bubee 
Chables bbadlauqb 
John Bbioht 


Henby Fawcett 
Mb. a. 0. uuuE 
BIB Henby Cotton 
LOBD MACAULAY 
SlSTEB NIYEDITA 

Kev. Db. Miller 
Bib Hdwin Arnold 
Lord HABDiNaE 


The Leader Will be a vrelcome addition to the political 
ai\^ hietorlcal literature of the country. 

The Modbbn Review On the cover of each volume is 
printed a portrait of the sobjeot of the ekotoh and the etoriee are 
told in a lively and iiuerestiog manner with short extracts from 
Botablo speeches delivered. The series should be weloome to the 
.publio. 

Foolaeap 8 Vo. Frlee ABaai Foot lach. 


Indian Tales: Amusing Reading. 


NEW INDIAN TALES 
TALES OF BAYA & AFFAJI 
TALES OF KOMATI WIT 
TALES OF TENNALI KAMA 


TALES OF MABIADA BAMAN 
THE SOlT-IK-IiAW ABROAD 
TALES OF RAJA BIBBAL 
MAITBBYI: A VBDIO STOBY 


FOLKLOBE OF THE TBLUCUS VBMANA : THE TELUHO POET 

Prie#ABBai Four Each. 


O, A. Natesan & Co., FubliBbers, Georgs Town, Madras. 



DlSTINOaiSHED PERSONAQES ON 

“THE INDIAN REVIEW.” 

liOrd Horley.— I have read it with interesi and appreoiatioi 

Sir Herbert Boberts, M. P.—Let me ccngratnlate yoy oo 
the admirabJe edttnrmlB of ihiR interesting moniblj. I appreciate 
highly your many serviocs to the cause of progress in India. 

Hr. Fredrie Harrison *^Em.erprtping “ Review,'* wfaieb seems 
likely to bring Great Britain to our fellow-oitixciis in India more 
eloseiy together. 

Dr. A. H. Fairbairn-'It is excellent and well written, and 
distinguisbid by a love of truth and right. 

Rev. C. F Andrews, H.A., Delhi.*' 1 rtao iho ilmeto month 
by xuci.ih with I be greatesi •interest sn d alwH).^ find more solid 
matirr m ir, cspecntlly r-ii the croiKinic sir.c in which 1 am 
spectaity init'rt-i.iMl ihpii in tiny other lTioi:<t: Journal. 

Sir Henry Cotton.'^ Allow moio express 'o you the admiration 
I feel for yonr eneigy in iiteraiy prcductum atid ibe valU'^ble 
service >ou aio ibciiU rendering to )(Ur idlow coULU^mcn 

F. H. Skt'ine, I.C.S —It is fully up to the level of high class • 
literature iti this ci.untry. * 

Tiocent A Smith.—Kxcolleni Magsztuo. 

Sir IkiKiam Wedderburn.—An excellent Madras mngaisine* 

Mr Hoary Bradley.—Ably rnudueted Journal, 

Hr. H. Samuel Smith, Editor, “Tiopio^l Life.^'-Youe 
magaz u' ih trriainiy moat useful and its pages give oneagreat 
deal of inforniHiioii on Indian topics. 1 study it iit the same way 
that 1 Cl’ iLi* hevirw of lievtcws at b>-me, 

C. W. £. CcAtcR. Esq., l.G. S. -Tho success cf the Indian 
Bivieiv most bo a great source of pride to you. 

Henry W. Nevinson.—1 admire your Itemeto immensely. I 
idways read it with interest 

Sir D. E. Wacha — 'A Magazine of excsllcnt literary ability 
and ooiidu' tea wnb great succees. A BtoreboiiHe of varied informa¬ 
tion on pol’ticai, enoucmical. literary and other subjects.The 

Bubscribet IS crxnprnsitied a hundredfold. 1 would confidently 
commend so ut^efui a Magazine tu every educated perRon. 

The (ir.nval ivbecription to the Indian Heview ts lis. 0 {Fine) 
onlp inelvdina poetope Frreign 30s SwbscriptiVws can eimmenco 
from anp month. If pou have not already seen the FevieiB send postage 
stamps for As Fevr for a s^ptciften e>yp^f%to G. A. Natesan & Co., 
Afodras. Current itaves mil not be given as specimen copies. 


G- A. NateaaD & Co., Publisbers, George Town, Madras. 





THE GOVERNANCE OF INDIA 

A HAND-BOOK OF PBOOBMSSIVB POLITICS 

BT GO¥INDA DAB 

Babn Govida Baa’s book on the ‘'Gr\'ernaDCO of India ’* offers 
a ooiftitruotive soheme of cefortu lutbeliidmj L'oiiHUtutlon. The 
book is full of original and fruitful ob^orv»vllol>s, tbo rebuU of the 
author’s continuous study and refleotiou on the subject for over 
two decades. With the help rl apt quotations gathered from rare 
publioaiiios, defcot-s in the system of administration are driven 
home and ways shown by which the defects could be eliminated 
and thff system improved. ” The Goveriiani'u of India ” is a 
hand'buok of living practical politics, a vademecum for aotive 
politioians which no one. official nr non-official—interested in the 
reform of the Indian admintsiratiun—can afford to neglect. 

The Rangoon Aim/.—The inrerceting feature is the scheme by 
the author touching th^ relatioushio of the Feudatc'ry India to 
the Imperial Government which is rarely conKiderea by Indian 
politicians and which is the most important cousideravion in any 
scheme of reform for India. The nook will bo priz'id both by the 
Btudenn and the politician. « 

* • Indian Social Reformer —Babu Gnvirida Bus’s book is one of 
the ablest, the most thoughtful and the best informed treatises on 
the subjccc of Governanoe of India rbai we have come across. We 
hcttriily commend Babn Gitviuda Das’s book as an^ezoeedingly 
illuminating addition to our meagre literatare on Indian polities. 

Orown 8 vo. Ototh Bound. 

Price Bs. 3. To SubecriberB of ”1. H.” Bs. 2-8. 

Saints of India Series. 

This it- a tiow series of ebon skc'chcs dualir^witb tbe live, of 
the moiit emiiienl sHtMte ihMii have risen in Indis. These lives 
are aii b-ised on the onginel Hccnunf »nd biograpbies to he found 
in the severiil Indian languegos. Each book also coniains a 
epecml Hccount of the pecnli'ir religious dootrines which each 
paint taught. A unique feature of these sketches oonsiste m the 
QUtnecous and clioioe quotations froxn the poexus and utterances 
of these s lints. Each volume has a fine frontispiece. 
DNYANKSHWAK NAMMAIA'AR VAr.IiAIiACHABYA 

HASIDBV AW'AR nakak 

Ek.anath Nakda GUEU Govind 

Bamdafi Kawb Dayananda 

fCtlKABAU CHATTANYA SAMAKRI8HNA 

Tulsidas •Vivbkanakda Kamtirath 

Price Four Aanai each. 

6- A. ^tatesaii & Co., Publisbeip, George Town, Madras, 




MS ARTS, WSTEIESiAGRIGDlTDRE. 

Indian Indmtrlal and Economic ProblemB. By Prof. V. Gl. 
Kale, Ferguason College, Poona. Second Ediafoo. Price Be, 1-8. 
To Subaoriberp of febe "Indian Review, "Re. 1-i. 

The Bwadeihl HoTement. A Sympoaiom by Repreaentotive 
Indiana and Angln'lndiana Second Kdition, Bs. 1-d, To Bob- 
aonbera of abe “ Indian Review,'* Be. 1, 

Agrionitupal Indnitpiea In India. By Seediok B. Sayani. 
Wiib an iusr.>daoi.ion by Bir Vi&aldaa Damodar Thaokersey. 
Second Kliton. Reviaed and enlarged. Re. 1. To Sabsoribera of 
the " Indian Review," As. 12. 

Essays oa Indian Ark, Indoskriei and Edoeation. By E. B. 
Haveli, lie. 1-^ To Bnbssnbara of the " I. B " Re. 1. 

Esaaya on Indian Economioa. (Third Edition.) By Habadev 
Goviiid B^U't'ie. Pnoe Re. 2. To Subsonoera of the " l.R." Re. 1>8* 
IsdaitPlal India. By Gtyn Barlow, U.A. Second Edition. 
Be. 1. To Suopcrioerg of the "l.R.’* As. 12. 

Lifc-lppigation By A. Chatterton. Saoond Edition. Revised 
and enlarged. Pnoe Ra. 2. To Bubsoribarsuf " l.R.’* Be* 1*8. 

The Imppovementi of Indian Agrlcultare.—Some Lessons 
from America By Gathelyse Singb. Second Edition. Price Be. 1.. 
To Subsccioera of the Indian Review," As. 12. 

• —- 

THE SWADESHI MOVEMENT. 

Views of representative Indians and Anjclo indlaits. 
Coi'tamK uinoog others, the views of Badabhai Naoioji, 
H.H. the Gaekwar of Baroda, H. H the Maharaja of Dbarounga, 
G. K» Gokbale, Dr. Bir Raab Behan Ghuee, Hon. Sir Fazulbboy 
Currimbhuv Eotabim, Mr. M. 1 l. Gandhi, SirR. H. Hookerjea, 
Sir D. E. Waoba, Hon. Rao Bahadur B. K. Mndholkar, Hon. 
J^ndit M idan Mohan Malaviya, Mrs. Beaant, Mr. Tilak, Mr. 
^Barendrauath Banerjea, and also of Lord Minto, Lord Oarmiobael, 
Lord Amptbill. etc. 

The Jame Janwked.—Worthy ol special study. 

The Christian Pafriof.—Ought to be in the hands of every 
newspaper man and of every one who wants to know something 
abont India's luduatrial position. 

Btr Roper Lethbridge, £. C. Stndents of eoonomiot 
and of Fooial science throughout the world owe a deep debt of 
'gratitude to Messrs. Eatesan for the admirable series of little 
volumes oontaiuiug all .these valuable speeches and essays. 

Second Edition, Rfcised and^Enlarged, 

Pplofi Re. 1-4. To SubscriboFe of “ l.R." E o. i. _ 

.<x. A. Nacobau & Co., PubliuburB, George Town, Medru. 



NATESAN’S PUBLICATIONS. 

To the head of the enterptiaiDg firm of G. A. Natesan & 
Co., Madras, all thoee who Uke any interest at all io ooutempo> 
rary exeats in India which will in the fniute form its history are 
thankful for their publicHtioas. Not content with the eduing and 
publishing of a first class moDlhly like the Indian Review, bn baa 
written, edited and published a number of books und pamphlets 
which do credit not only to hia scholarship, but also to his business 
capacity. lie has published short biographical skerrhes of many 
eminent Indians. They are a series of uniform booklets, each with 
a frontispiece and any one of which can bu bought for the modest 
sum of two annas or four annas. He has published oolleC' 
tioDB of the presidential and inaugural addresses that hate been 
delivered at the diiTerent Cougressea. • • • • • 

He has published symposiums of views of officials and non- 
officials. Indians and Eutopoans on such subjects as Sedition, 
the Swadeshi Movemeni, and the National Congress. By 
collecting the speeches and writings of l>r. Bash Behari Ghese. 
Swemi Vivekananda, the Honorable Mr. Gopal JCrisbna Gokfaalei, 
ii^rd Morley. he has done a distinct service to noth the younger 
and^dder generations of Indians ; for, these are iiLoks which the 
^younger people like to have constanGy by their eide to study and 
tile eiders to refer to ocoasinnally. It is very seldom indeed that 
we Si'.e businesB capacity in a literary man, but Mr. Natesan seezna 
to be one of those very few men who combine in themselves both 
of those oapacitiea.^T/ic Indian People Leader, AlWiahad, 

' The Indian Bevlew 

Kztrcmely interesting and well worth reading.-*-Cdesfial 
Empire. Shanghai. 

A magazine, every intelligent Eniopean BhouM read.—Simla 

Newt 

Does credit to its enterprising publishers.—Tftdian Magazine 
and Review. 

Always interesting and instructive magazine.—iFVee Lance, 

That admirably conducted journal.—/ndta. 

A mine of solid aud interesting information on Indian afiairs 
•^Japan Datly Afatl. 

This Excellent Magazine, full of food things.—Bomhap 

Chronicle. 

Has come to oconpy a prominent plaoe in the front ranke 
of Indian periodical literature.—Madras Mail. 

Eaidi edition appears^o bo an improvement on former.- 
Larjeeling Visitor, 


Q» A. Natesan & Oo.t FnbliBhers, Georga Tovdi Madras, 



THE INOIAK PRESS ON 

THE INDIAN REVIEW 

Thuro 16 no j^riodioal in India whiofa approaohes it for t 

money.^Edvcalional RevifiVK 

Well-known moubhly Mi^asune.—-Tlw Bengalee. 

This excelleut Beview.—rAe Telegraph. 

Quite indiepeusable to every student of Indian polities.—PAoem 
Kan^aehi. 

A store-house of ples^ant and iustruntivo ceadiug.—ITn&nne. 

A model publication.—P«iya6ce. 

A marvel of cheapness .—Weekly Chronicle. 

Giyeg a rich and uourishing menu mouth after month.— 
Coast Spectawr. 

Kxeeilerit monthly.—Arnn/a Bazaar Patrika. 

*' The Indian Kevicw ” may be called the Review of 
for India Undoabtedly a jem of its kind and no cultured Indu 
carcH to ne wir-boiit it •“Satijvartantnn, Bittnbay. 

Dtbervtttlyc^'joyp » great popuianiy.—JSaWjycr, Allahabad, 

Coming to iLe fore as a type of up-to-d-ate journalism.—Afosfe 

jtde:<crveK to rank with some of the bust. English and Amerios 
Reviews.—A bfcart. 

Deserving of liberal patronage,—Rnsf Ooftar and Stayapraka.^h, 

As fresh, typioul and informi:>g a« ever.—Parst. 

lnd#’od the 'fagizine for the million.—Xcmr-i-ffind, Bombay. 

A luouibh nugaz'Mc of uncojiimuri tUHrit .—Bombay Ouardtan. 
Improves each month.—iSuftpoon Times. 

The pr»‘mipr review and magazine of India •^Bassein News, 

There is m ihe Indian Review subject for all readers.—Indian 
Textile Journal. 

Full of hvo articles. “'Capifrtl. 

One of the best of Us kind iti India.—Commerce, CaleuUa. 

In marter it is voluminous, and in soope wide . . , Show 

a wooderful catholicity .—CaleuUa Review. 

Ably edited, c.«plbaUy turned out .—Ceplon Independent. 

A journal of immeuee inflaeaoa aud popularity.—Ceplon ItM 
Bevitio, 

One of the brigbiest and most readable periodicals in lodia.- 
AdvoeaU of India. 

The ann7ial subscripfion to the Indian IUdwo ” is Re. $ 
(Pine) oftlp including ptisiage. Subscription can commence fron 
any month. If you have nof already seen the Review" sem 
postage stamps for As. Four for a speciinen copy to 0. A. Vatesai 
<0 Co., Publishers^ I^dras. Current issues are not given a 
specimen copies. _ 

G. A. Nateeao A Co., Pobiiabers, George Town, Madras 



A PATRIOnC MAN FIRM OF PUBIISEERS. 

Wa do not think we are gailty of any exaggeration when tie 
say that there is no Indian firm of puoliiiberH whiuh oan RurpaM 
Messrs. G. A. Hatesau & 0o«, of Madras, in point of atilitaruui 
enterprise of a most patriotic character. The firm’s great aim ii 
how ^est and most expoditionsiy to serve the public. Is a Oongreae 
held ? Why, immediately within two weeks we are greeted with a 
handsome portable volume of the prooeediugHy neatly printed, at 
the most moderate price, such as to be within the roach of the 
poorest reader. Similary with the proceedings of all other Gon- 
feronces and Leagues- But what is mote praiseworthy is the desire 
to ai^uaiut the rising generation of youth with the ntieranoes of out 
loading publio men who have already borne the brunt and heat of 
the day. For mKtanoe, it is a fast that the annual reports of ouc 
Indian National Congress, specially the Presidential Addresses, 
are out of print. Many inquiries are made with the Joint 
Bocretaries for these but they have regretfully to disappoint them. 
To meet such a growing demand, Messrs. Natusan & Co. have 
issued an excellently got>up volume of 1626 pages contaiuing 
the origin and gcowui of our great National Political Inetitution, 
full text of all bhe Presidential Addrei:<> ^ iri-to-date, reprint of aH 
'tl^e Congress ll*‘soIations, extrartis from the AdrireK-><'<> <.t Welcome 
by CbairzQ* i of BecepLion Comuiiitoes and rinvable utterances 
^besides tho portraits of all Congress Presidents. Tbis, indeed, is a 
dit^inot patriotio service whioh we dare say every true^on of India 
will greatly appreciate. It is a capital haudbouk of the CongrMS*-* 
a veritable vade mecum and ought to find an extensive sale at only 
4 rupees a copy whioh is cbohp enough in all ousoience. * * * 
We repeat, all Indians should feel exceedingly grateful for all these 
v>tluable publications at cheap prices to Messrs. Natesau ds Co. 
But we know how ardent, modest, and sober a partriot is the head 
of this most 6 Qt 2 rpri 6 ing Indian firm. Mr. G. Natesau, who is 
HD University graduate, is indeed a jewel in Madras aud elsewhere 
ID the publication of cheap, useful, and handy Indian literature. 
We wish him and hUfirm every proeperity.—T/ie Jfrtiser.i-hitMi, 
Bombay. 

BEY. J. T. BUHDEBLiND, Toronto, Canada.— “ I read 
your 'B^view' with great interpst and profit, It seems to me able 
and candid, and well adapted to give such information about India 
as is needtid in this part of the world, but which we have so few 
opportunities for gaining *** I wish * Indian Review’could 
be placed in many publio libraries lu Canada, the United Biatei 
and England. It would do a silent but telling work.” 

THE LATE HR. WILLIAM DIOBT, O.l.E. * * “In its way- 
an admirable way—l think the ‘Review’ whioh emanates fron 
Madras, 18 an exceptiocHUy interesting monthly puohcation, anc 
I oongcaiuiatB Madras not only on leading the way with amoothl] 
‘Review,’ but on the excellenoo of ite lead.” 


6.A. NateaaD & Oo., PubliBhera, Gaorga ffown, Madras 


BIOGRAPHIES OF EINENT INDIANS, 


A Series o( Uniform Booklets eeoh with a Portrait giving a 
BDOoinot biographical iketoh and containing coploni extractC' 
Icom the speecfaes and writing! of tha peraonagea deioribed. 


Torn Dott 
Mrs. Serojini Naidu 
Babindranath Tagore 
Miohael Madhusudan Dutt 
Dadabhai Naoroji 
Sir P. M. Mehta 
Dinshaw Ednlj, Waoha 
Mahadev Guviud Banade 
G. K. Gokhale 
Dr. Bash Bshari Qbsso 
Lala Lajpat Bai 
Bavi Varma 
K. T. Tolang 
Bureodcanath Banotjea 
Bomeah Chnnder Dnlt 
Ananda Mohau Bose 
W. 0. Bonderjee 
Dai Muhun Ghcse 
Baja Bam Mohan Bo; 

Sir J. C. Bose 

Dr. P. 0. Bay 

Sir T. Muihusami Iyer 

Deveudtanath Tagore 

Prof. D. K. Kartj 


Badrnddin Tyabj, 

Sir Byed Ahmed 

Sir Syed Amir Ali 

H. H. The Aga Khan 

Sic B. Babramania lyor 

Bal Gangadhar Tilak 

M. K. Gandhi 

Madan Mohan Malaviya 

Baba Eristo Das Pal 

B. M. Mndholkar 

V. Krishnaawami Aiyat 

Dewan C. Baiigacharlu 

Bahimtulla Mohamed Bayani 

Iswara Chandra Vidyasagar 

Behramji M. Malabari 

Sir C. Bankaran Male 

H. H The Gaekwac o! Batoda' 

Sir N. O. Chandavarkar 

J. B. Tata 

Sasipada Banerji 

V. K. Chiplankar 

Keehab Chuuder Sen 

Pratap Chandra Muzumdar 

Sic S. P. Binha 


TJte Ouierati Many oi one countrymen are deeply indebted 
to the bead ol the enterprising firm oi G. A. Hatesan & Co., 
Madras, ioi the valnable pablioations they have been placing 
beiore the Indian pnblio dealing with important guestions of 
contemporary interest or with the lives and oacoacs of some of 
out foremost Indiane, both anoient and modern. We do not 
think there is any other pubiishing bouse in India that hag 
attempted what Mr. Ba^eean baa done with so muoh snooess 
daring the last fonr years to instruot pnblio opinion by means ot 
handy, oheap and nseiul publioations. Mr. Batesan is not only > 
man oi literacy attainments but endowed with business oapaoity 
and sound disoeenment, Ha oertainiy dyservee to be oongcatalat- 
sd on the snooese ot his nselnl pnbliostioDS. 

Foeluap I To. Pries Is. Pow enoh. 


G. A. NstoBUKA Oo., Pobligben. George Town, Mediss. 






